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INTRODUCTION AND HIsToRICAL REVIEW 


Sulphur is an essential element in the cell because it is a 
component part of certain indispensable proteins. The metab- 
olism or decomposition of various sulphur compounds by bacteria 
has been investigated by several workers, but the metabolism of 
the fungi with reference to such compounds has been little studied 
and is poorly understood. The activity of the sulphofying 
organisms of the soil has been a field for considerable investiga- 
tion in recent years. It has been shown that these organisms 
bring about the change of the organic sulphur of the soil into 
sulphates which become available for crops. The oxidation of 
sulphur by such organisms has been shown to be of value in 
making available the phosphorus of mineral phosphates (McLean, 
18). 

Sulphur metabolism may also play a beneficial role in sewage 
disposal in that certain species of bacteria may cause the oxida- 
tion of sulphur and of hydrogen sulphide to sulphates, thus re- 
ducing the amount of odor. Attempts have been made to apply 
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the production of hydrogen sulphide to water analysis, the 
assumption having been that the hydrogen sulphide produced is 
proportional to the pollution. The literature pertaining to such 
attempts will be found in the paper by Myers (’20). The fate 
of hydrogen sulphide produced in putrefactions and other pro- 
cesses under the influence of ‘‘sulphur bacteria’’ has also been 
investigated by several workers, chiefly Winogradsky (’87, ’88), 
Keil (712), Diiggeli ('19), and Skene (’14). In addition to the 
hydrogen sulphide produced in putrefactions, another source of 
this compound is from the reduction of sulphates by micro- 
organisms such as bacteria and yeasts. The literature pertaining 
to sulphate reduction by bacteria and yeasts is discussed in papers 
by Lederer (’13) and Tanner (’17, 718). 

An interesting phenomenon resulting from the sulphur metab- 
olism of many organisms is the deposition of sulphur in the cells. 
This has been shown for bacteria by Cramer (’70), Cohn (’75), 
Winogradsky (’88), Keil (’12), Miyoshi (’97), Hinze (’03), and 
Lidforss (12). Wille (’02) has denied the occurrence of sulphur 
in Thiothriz. Jonsson (’89) was the first to describe sulphur in 
the hyphae of fungi. He describes refractive bodies which are 
not sulphur, but oily bodies containing sulphur, in the hyphae of 
Penicillium glaucum growing on N/10 H,SO, solution. Raci- 
borski (06) and Kossowicz and Loew (’12) have also described 
the presence of sulphur in the hyphae of fungi. 

That sulphocyanate compounds are available for the growth 
of some bacteria and fungi seems established from the work of 
Beijerinck (’04), Munro (’86), Czapek (’03), Puriewitsch (12), 
Kossowicz and Grdoller (’12), Fernbach (’02), and Sauton (’10), 
though Holschewnikoff (’89) did not observe a decomposition of 
such compounds by bacteria, and Nageli (’82) states that am- 
monium sulphocyanate can not be assimilated by fungi. 

The relation of many organisms to the thiosulphates has been 
investigated by a considerable number of workers. Hydrogen 
sulphide is most generally produced as a result of the action of 
the organisms on these compounds as was found by Holschewni- 
koff (’89), Beijerinck (00, ’04), Petri and Maassen (’93), Saltet 
(00), Nathansohn (’02), Sasaki and Otsuka (’12), Lederer (’13), 
and Tanner (’17) in the case of bacteria; Neuberg and Welde 
(’15), Beijerinck (’95), Tanner (’18), and Stange (’15) in the case 
of yeasts; and Raciborski (’06) and Kossowicz and Loew (’12) 
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in the case of the fungi. Gehring (’15), Lockett (’14), and 
Lieske (’12), in their investigations with certain bacteria, report 
the use of the thiosulphate but not a production of hydrogen 
sulphide. Gehring found the gases produced to be 5.5 per cent 
of carbon dioxide and 94.5 per cent of nitrogen, while Lieske 
found 20 per cent carbon dioxide and 80 per cent nitrogen. 
Bokorny (’12) and Nageli (’82), working respectively with yeasts 
and fungi, report the growth of the organisms on sodium thio- 
sulphate. Buchner and Hahn (’03) have found that the juice 
from pressed yeast has a reducing action on sulphur and thiosul- 
phate. 

With filamentous fungi on the varying solutions containing 
thiosulphate employed by Raciborski and Kossowicz and Loew, 
other products than hydrogen sulphide as a result of the growth 
of the organisms were sulphates, sulphites, extracellular sulphur, 
intracellular sulphur, and polythionates. All of these sub- 
stances, except the sulphite, for which no tests were made, were 
found in one or the other of my cultures. The crystallization of 
the sulphur in the old hyphae of Aspergillus niger in the form of 
double pyramids as reported by Raciborski, has also occurred 
noticeably in some of my cultures in which the concentration of 
the thiosulphate was 2 per cent or more. 

It is only in very recent times that work has been done dealing 
with the actual hydrogen-ion concentration of media and the 
shifting of the hydrogen-ion concentration due to metabolism. 
Clark and Lubs (’17) have given the final reaction of a culture of 
Aspergillus niger as Py 1.7. Currie (’17) has given the critical 
hydrogen-ion concentration for Aspergillus niger on a solution 
very similar to that employed in experiments 16 to 21 of this 
paper as P, 1.4to 1.6. Steinberg (’19) reported the final hydro- 
gen-ion concentration for the same fungus on Pfeffer’s solution as 
P, 1.0-2.0 in most cases. On a modified Pfeffer’s solution, 
the highest hydrogen-ion concentration of any culture in my ex- 
periments was P, 1.5, though the final reaction was greatly in- 
fluenced by the initial P, of the medium. Meacham (’18) 
stated that the limiting acidity appears in the region of Py 1.7 
for 4 wood-destroying fungi with which he worked. Zeller, 
Schmitz, and Duggar (’19) gave the changes in hydrogen-ion 
concentration of several liquid media due to the growth of a 
number of wood-destroying fungi. The general tendency was 
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to increase the active acidity during growth, though there were 
exceptions. They call attention to the fallacy of combining the 
results obtained from a few organisms and drawing general con- 
clusions as to the relation of hydrogen-ion concentration and 
growth of a group of fungi. Duggar, Severy, and Schmitz (’17) 
stated that Aspergillus niger shifts the reaction of certain plant 
decoctions to a hydrogen-ion concentration of about 10~*. 

Gillespie (18) has shown the limiting acidity for Actinomyces 
scabies (chromogenus) to be between Py 4.8 and 5.2. Growth 
was accompanied by a marked decrease in the acidity. 

Ayers and Rupp (718), in an explanation of reversions of reac- 
tion of culture media by organisms of the colon-aerogenes group, 
ascribed the simultaneous production of acid and alkali in an 
inorganic medium to the production of organic acids from the 
sugar with the subsequent formation of alkaline carbonates or 
bicarbonates from the organic acids. Waksman and Joffe (’20) 
are of the opinion that Actinomycetes are not able to produce any 
appreciable quantities of acid from the carbohydrates which they 
employed, but that the change in reaction of the medium is due 
to the source of nitrogen. Their explanation of the alkalinity 
produced in a nitrate medium is that in the reduction of the 
nitrate to nitrite, the oxygen split off is united with the hydrogen 
or other reducing substances of the medium, thus tending to re- 
duce the hydrogen tension of the medium. Boas and Leberle 
(18, ’18a, 719, ’20), in a series of articles on the production of 
acid by molds and yeasts, have found that both the carbon and 
nitrogen sources may influence the hydrogen-ion concentration 
resulting from metabolism, that with the same carbon source and 
different sources of nitrogen, for example, the greatest hydrogen- 
ion concentration of the solution on which Aspergillus fumigatus 
has grown may vary between P, 1.56 and 5.79. 


METHODS 


The methods employed in the part of this work which was 
completed in 1915-17 (see page 242) and in that completed in 
1919-20 are essentially the same. The cultures during the first 
part of the.work were grown in 100-cc. Jena flasks, using water 
doubly distilled from glass, which usually gave a conductivity 
test from 1.0 to 1.3 x 10-*, with .8 x 10~* the best obtained 
at any time. The water used during the latter part of the ex- 
periments was doubly distilled from glass and most of it was 








— Sl eS, tts 











1921] 
ARMSTRONG—SULPHUR NUTRITION IN THE FUNGI, THIOSULPHATE 241 


about Py 5.2. The chemicals used were Merck’s Blue Label 
Reagents in all cases except the mono- and dibasic potassium 
phosphates in the experiments of 1915-17. The monobasic 
potassium phosphate was used without recrystallization in the 
first experiments, but in the later experiments a salt recrystal- 
lized several times that gave the Sdrensen coefficient of Py 
4.529 for a 1/15 molecular solution was employed in all the culture 
solutions. 

The Jena flasks and the 120-cc. Non-Sol flasks of the later 
series of experiments were carefully cleaned in an acid dichromate 
solution and thoroughly rinsed in distilled and redistilled water. 

Inoculations were made by transferring spores from a potato 
agar slant to 10 cc. of sterile distilled water until a heavy spore 
suspension was obtained. In the first experiments .2 cc. of this 
suspension was added under sterile conditions to each flask, while 
in the later experiments, .5 cc. of the inoculum was used. 

All controls were uninoculated, sterile solutions which were 
kept under the same conditions as the experimental flasks. The 
salt and carbohydrate components of each solution are given on 
the basis of a 50-cc. culture. In all cases sufficient water was 
added to make the volume 50cc. The production of H,S was 
determined by suspending in the neck of each flask a strip of 
filter-paper which had been soaked in lead acetate. These strips 
were sterilized by soaking in a nearly saturated simmering lead 
acetate solution and then transferred to sterile dishes. 

The determination of sulphates in solution was made by adding 
BaCl, after the solution had been acidified with dilute HCl to 
prevent the precipitation of phosphates. 

The titrations of the thiosulphate in solution were made with 
N/10 or N/100 iodine. This standard titration method furnishes 
a definite quantitative method for the determination of the 
thiosulphate decomposed by each organism. The starch and 
iodine solutions were prepared and standardized according to 
directions given in the ‘Analytical Chemistry’ of Treadwell and 
Hall. Ten cc. of the solution from each culture, to which was 
added 1cc. of starch paste, were used in the titrations. Dry 
weights were obtained by drying to a constant weight in an oven 
at 105° C. 


To follow the successive changes in hydrogen-ion concentration, 
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thiosulphate content, growth, and the use of the sugar, a sufficient 
number of flasks were inoculated so that 3 flasks could be removed 
at stated intervals and the several determinations made from 
these cultures. It is impossible to make all the determinations 
throughout from the same flasks, which would be a preferable 
method if convenient, though the results obtained indicate that 
the method employed is satisfactory. 

Hydrogen-ion concentrations were determined colorimetrically, 
using the standard solutions as recommended by Clark and Lubs 
(17). As the color produced in the solution necessitated the 
use of a colorimeter, a DuBoscq micro-colorimeter was employed 
of the type and according to the method described by Duggar 
(719). 

EXPERIMENTAL RESULTS 


A. AVAILABILITY OF SOME COMPOUNDS AS SOURCES OF SULPHUR 


The experimental work presented in this paper was in progress 
several years, experiments 1-15 having been completed during 
the period 1915-1917 at the University of Wisconsin and the 
remainder of the experiments at the Missouri Botanical Garden 
during the sessions 1919-20 and 1920-21. Several of the solu- 
tions of the first 15 experiments are the same as those used by 
Kossowicz and Loew and Kossowicz and Grdller. Only 15 of the 
32 experiments performed during the first period of the work are 
presented, the results obtained being in more or less general agree- 
ment throughout. The cultures were placed in a large constant 
temperature dark room with a variation of from 22 to 25° C. The 
fungi have been designated in the tables by abbreviations as, 
Aspergillus niger, A. nig.; Penicillium glaucum, P. gl.; Penicillium 
cyclopium, P. cycl.; and Botrytis cinerea, B. cin. 

The extent of the darkening of the lead acetate paper is taken 
as the criterion of H,S production which is expressed roughly 
by the figures 0, 1, 2,3, 4. An attempt is made to give a general 
indication of the relative spore production by the use of the same 
figures. The tabulated data as to the presence of sulphates is 
given by the plus and minus signs without any attempt to express 
the relative production of such compounds. This system of 
notation appears in all the tables. 

The nutrient solution used to obtain the results given in table 

















1921] 
ARMSTRONG—SULPHUR NUTRITION IN THE FUNGI, THIOSULPHATE 243 


1 contained the following amounts of the salts per 50-cc. culture: 
Na,S,0, M/10, 8.1 cc.; KH,PO, M/6, 1.1ec.; KNO, M/4, 3.9 
ec.; NH,Cl M/4, 3.7 ce.; MgCl, M/60, 2.9 cc.; FeCl, M/1000, 
5 ec.; dextrose M/1, 2.8 cc. as the source of carbon in experi- 
ment 1; sucrose M/1, 2.8 cc. as the source of carbon in experiment 
2. It will be observed from table 1 that where equi-molecular 
volumes of dextrose and sucrose are employed differences in 


TABLE I 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING 
SODIUM THIOSULPHATE. TIME INTERVAL OF CULTURES, 7 WEEKS 








Experiment 1 Experiment 2 
.2 per cent Na,S,O; and dextrose| .2 per cent NaS.0; and sucrose 




















Fungus A. nig. | P. gl. | B. cin. |Check) A. nig.| P. gl. | B. cin. | Check 
No. cultures 2 2 2 1 3 4 2 1 
Dry wt. (gms.) .0941} .1351) .1117 .1722} .1800) .2077 
Ce. N/100 I 5.2 13.9 12.8 15.6|1.0 {13.5 {11.1 15.8 
% NaS:0; 

decomposed | 66.6 10.9 18.0 93.6 14.5 |29.7 
HS 2 3 4 2 3 2 
Sulphates + + + — |+ + + _ 
Sporulation 3 4 4 3 4 3 

c. N/10 KOH 9 311.3 .3 
Ce. N/10 H.SO, Al | e a 


























growth have occurred which may be due to sucrose as a better 
source of carbon, or to the greater total quantity of carbon sup- 
plied. These organisms are able to use the thiosulphate with the 
production of very noticeable quantities of H,S and sulphates. 
Using phenolphthalein as an indicator, a production of acidity is 
indicated for Aspergillus, while Penicillium and Botrytis produce 
an alkalinity of the solution. 

Two different nutrient solutions as employed by Kossowicz 
and Loew were used in experiments 3 and 4. All salt concentra- 
tions are given for 50-cc. cultures. The solution for experiment 
3 was as follows: Na,S.0, M/1, 1.2 ec.; KH,PO, M/60, 2.2 cc.; 
(NH,),HPO, M/6, 2.2 cc.; KNO; M/4, 4.5 ec.; NH,NO, M/1, 
1.2 ec.; MgCl, M/60, 2.0 ec.; CaCO, M/100, 1.0 ec.; FeCl, 
M/1000, 1.0 ce.; dextrose M/1, 6.9 cc. 

The solution for experiment 4 was as follows: Na,S,0O, M/1, 
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4.0 cc.; (NH,),HPO, M/6, 27.7 cc.; KH,PO, M/6, 2.2 cc.; 
MgCl, M/1, 1.0 cc.; CaCO, M/100, .5 cc.; FeCl, M/1000, .5 ce.; 
sucrose M/1, 7.3 cc. The length of the experiment was 4 weeks 
for number 3 and 5 weeks for number 4. 


TABLE II 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING 
SODIUM THIOSULPHATE 

















Experiment 3 Experiment 4 
.6 per cent Na3S.0; 2 per cent Na.S.0; 
Fungus A. nig. | P. gl. | B. cin. | Check} A. nig. | P. gl. | B. cin. |Check 
No. cultures 5 5 6 1 4 4 1 
Dry wt. (gms.) | .0448 | .4046 | .2509 .4152 | .6164 | none 
Ce. N/10 I. 0 1.9 9 3.0 3.1 3.8 8.0 
% NaS.0s 
decomposed 100 36.6 | 70.0 73.7 | 82.5 

HS — _ _ — 0 0 0 
Sulphates ~ oo a + — 
Sporulation 1 3 





























On the solution employed in experiment 3 Aspergillus made 
very little growth, yet all the thiosulphate had disappeared from 
the solution. The sulphates determined as BaSO, were so low 
that other tests were tried to discover the changes which had pro- 
ceeded, and these seem to indicate the production of a tetrathio- 
nate. The tests were made as follows: To the solution in which 
there was no thiosulphate, BaCl, was added and the sulphate 
formed was caught in a Gooch crucible. The filtrate was oxi- 
dized with bromine and BaCl, again added. A second white 
precipitate was formed which indicates the production of a 
polythionate. Qualitative tests with mercurous nitrate gave a 
yellow precipitate which might be produced by either the tetra- or 
pentathionate. Potassium hydroxide added to the solution gave 
no precipitate of sulphur which should be the case if the pentathi- 
onate were present. Hence, it appears that the tetrathionate 
was in the solution. 

In the 2 per cent concentration of thiosulphate in the solution 
as employed in experiment 4, the toxic effects of the thiosulphate 
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are evident for Botrytis. This organism made fairly good growth 
on the .6 per cent solution of the previous experiment. Since 
no H,S was produced on the 2 per cent thiosulphate solution, an 
attempt was made to account for all the sulphur by titrating for 
the thiosulphate, precipitating the sulphate in solution as BaSQ,, 


TABLE III 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING 
SODIUM THIOSULPHATE. TIME INTERVAL OF CULTURES, 4 WEEKS 








Per cent | 


Fungus | No.of |Dry wt.) Cc. N/10} NaS,0; | H.S | Sul- | Sporu- |Cc. KOH 
cultures | (gms.) | iodine | decomposed phate} lation | N/10 





Experiment 5 —5 per cent Na,S.0s; 























A. nig. 4 .3400 7.6 67.9 2 ad 2 1.9 
P. gl. 4 . 2502 18.5 21.9 2 = 4 1.4 
B.cin. None 
Check 1 23.7 4 
Experiment 6 —10 per cent Na.S:0; 
A. nig. 4 . 2246 29.2 43.7 3 a | 1 | 2.6 
P. gl. 4 .2578 | 45.2 12.9 3 + 3 5 
B. cin. None 
Check 51.9 
Experiment 7 —40 per cent Na-S.0; 
A. nig. None 
P. gl. 4 .5403 | * 19.0 ee 3 a 0 
B. cin. None 
Check * 20.6 





* One cc. of the nutrient solution was used for a titration because of the high con- 
centration of the thiosulphate. The average of a number of determinations was 
taken. 


and weighing the free sulphur produced as a precipitate in the 
flask, but all such efforts gave low results. Raciborski has re- 
ported the same difficulty in making quantitative determinations 
of all the sulphur introduced into the nutrient solution. 

The nutrient solution for the experiments in table m1 was of 
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the composition given below with only the thiosulphate varied: 
KH,PO, M/60, 2.2 ec.; (NH,)2 HPO, M/6, 2.2 ec.; KNO, M/4, 
4.7 cc.; NH,NO; M/1, 1.2 cce.; MgCl, M/60, 2.8 cc.; CaCO, M/ 
100, 0.5 ec.; FeCl, M/1000, 0.5 cc.; dextrose M/1, 6.9 cc. Of the 
M/1 Na,8,0,, 10.1 cc. are used in the 5 per cent solution, 20.2 ce. 
in the 10 per cent solution, and 26.8 cc. of a 3/M Na,S,O, in the 
40 per cent solution. In every case sufficient water is added to 
make the volume of each culture 50 cc. 

In the series of increasing thiosulphate concentrations made up 
as 5, 10, and 40 per cent solutions, the growth of Penicillium was 
successively greater, as was the production of sulphates and H,S, 
though sporulation was prevented in the solution of highest con- 
centration. In the nutrient solutions employed, the inhibition 
of growth for Botrytis in the presence of the thiosulphate occurs 
between .6 and 2 per cent, for Aspergillus between 10 and 40 per 


TABLE IV 


GROWTH OF CERTAIN FUNGI ON MEDIA CONTAINING POTASSIUM THIOCYA- 
NATE AND MAGNESIUM SULPHATE. TIME INTERVAL OF CULTURES, 27 DAYS 














Experiment 8 Experiment 9 
.2 per cent KCNS KCNS replaced by MgSO, 
Fungus A. nig. | P. gl. | B. cin. | Check | A. nig | P. gl. | B. cin. | Check 
No. cultures 6 5 5 5 5 4 
Dry wt. (gms.) | .3512 | .1602 | .4155 .9212 | .4234 | 1.0766 
Sporulation 1 0 0 4 4 4 
HS 0 0 0 0 0 0 0 0 





























cent, while Penicillium grows very well on the 40 per cent solu- 
tion. These statements refer to solutions in which the hydrogen- 
ion concentration was unknown. In the later experiments it 
will be shown that the toxic concentration of a salt in solution 
may depend to some extent on the hydrogen-ion concentration 
of the medium. 

The nutrient solution employed was NH,NO, M/1, 6.2 cc.; 
KH,PO, M/1, 2.5 cc.; FeCl, M/1000, 0.5 cc.; sucrose M/1, 7.3 
ec. in each solution, with the magnesium and sulphur supplied 
n experiment 8 as 1 cc. each of M/1 MgCl, and KCNS. In ex- 
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periment 9 the KCNS and MgCl, were omitted and the mag- 
nesium and sulphur were supplied in 1 cc. of M/1 MgSO, The 
potassium and chlorine content were kept practically the same 
by adding 1 cc. of M/1 KCl. Both growth and fructification 
have been greatly increased where sulphur is supplied as MgSO, 
instead of KCNS. 
TABLE V 
GROWTH OF CERTAIN FUNGI ON MEDIA CONTAINING POTASSIUM THIOCY- 


ANATE AND AMMONIUM THIOCYANATE. TIME INTERVAL 
OF CULTURES, 4 WEEKS 














Experiment 10 Experiment 11 

1 per cent KCNS 1 per cent NH,CNS 
Fungus A. nig. | P. gl. | B. cin. | Check | A. nig.| P. gl. | B. cin. | Check 
No. cultures 2 2 2 2 2 2 
Dry wt. (gms.)} .1313 | .0159 | .0288 .0445 | .0125 | .0250 
HS 1 1 3 0 1 1 3 0 
Sporulation 0 0 0 0 0 0 





























Nutrient solutions as employed by Kossowicz and Grdller were 
used and are, for experiment 10, KCNS 2/M, 2.5 ec.; KNO, M/1, 
2.4 ec.; NH,NO, M/1, 3.1 ec.; KH,PO, M/6, 2.2 cc.; MgSO, M/3, 
3.0 ec.; dextrose M/1, 6.9 cc. The salts in the solution for ex- 
periment 11 were NH,CNS M/1, 6.6 cc.; KH,PO, M/6, 2.2 cc.; 
MgCl, M/60, 7.4 cc.; CaCO, M/100, 1.0 cc.; FeCl, M/1000, 1.0 
ec.; dextrose M/1, 5.6 cc. In the solutions employed, 1 per cent 
of both KCNS and NH,CNS strongly inhibits the growth of the 
3 organisms. 

The nutrient solution for the experiments 12, 14, and 15 of 
tables v1 and vir was the same except for the source of sulphur. 
The constituents of the solution were NH,NO, M/1, 6.2 cc.; 
KH,PO, M/1, 2.5 ec.; MgCl, M/1, 1.0 cc.; FeCl, M/1000, .5 
ec.; dextrose M/1, 6.9 cc. The sulphur compounds were added 
in such quantities that the sulphur content of the solutions in the 
three experiments mentioned would be the same. Twenty-five 
ec. of M/50 K,S,0, were added per flask in experiment 12, 1 cc. 
of M/1 KSH in experiment 14, and 1 cc. of M/1 MnSO, in ex- 
periment 15. The solution to which equivalent amounts of 










[Vor. 8 
248 ANNALS OF THE MISSOURI BOTANICAL GARDEN 








KHSO, were added showed no growth whatever, probably due 
to the high acidity as found by titration. The good growth 
obtained on the KHSO, in experiment 13 was in a solution where 
this salt was used as a source of both the potassium and sulphur 
with only a slight acidity produced. The solution was KHSO, 
M/1, 2.5 ec.; (NH,),HPO, M/1, 6.2 cce.; MgCl, M/1, 1.0 cc.; 













TABLE VI 


G ROWTH OF CERTAIN FUNGI ON MEDIA CONTAINING POTASSIUM PERSUL- 
PHATE AND POTASSIUM BISULPHITE. TIME INTERVAL 
OF CULTURES, 4 WEEKS 












Experiment 12 
.3 per cent K.S.0, 






Experiment 13 
.6 per cent KHSO; 


















Fungus A. nig. 





P. gl. | B. cin. | Check | A. nig. | P. gl. | B. cin. | Check 






















No. cultures 
Dry wt. (gms. ) 
HS 














Sporulation 

















TABLE VII 


GROWTH OF CERTAIN FUNGI ON MEDIA CONTAINING POTASSIUM HYDRO 
SULPHITE AND MANGANESE SULPHATE. TIME INTERVAL 
OF CULTURES, 4 WEEKS 


















Experiment 14 
.15 per cent KSH 


Experiment 15 
.3 per cent MnSOQ, 











Check 





Fungus P. gl. | B. cin. | Check 














No. cultures 2 

Dry wt. (gms.) | .3208 
0 
4 






HS 


2 
.4508 
0 
Sporulation 4 


2 
4049 
0 
4 










































FeCl, M/1000, .5 cc.; dextrose M/1, 6.9 cc. K,S was also used 
as a source of sulphur with very meagre growth obtained. Under 
the conditions of these 4 experiments, MnSO, is the most favor- 
able of the salts for the growth of all the organisms. The only 


case of complete inhibition of growth was for Penicillium on 
K,S,0,. 
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B. THE USE OF THIOSULPHATE IN RELATION TO HYDROGEN-ION 
CONCENTRATION 


The experimental work as reported in the first part of this 
paper failed to show any direct relation between the use of thio- 
sulphate and the growth produced, though there were indications 


TABLE VIII 


AMOUNTS OF ACID OR ALKALI NECESSARY TO PRODUCE AN INITIAL Pg AS 
INDICATED 








Ce. N/5 HCI Cc. N/5 NaOH 


per 50 cc. per 50 cc. Initial Pz 
final volume final volume 





2.0 
3 
0 











TABLE IX 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING .6 
PER CENT SODIUM THIOSULPHATE. INITIAL Px 4.2. EXPERIMENT 16 








: Ce. Per cent 
aot — N/100 | NasS:Os — 
: iodine | decomposed 


Fungus Days 





.0719 : , 13.8 
. 1459 
. 1553 
. 1706 





3035 
. 5938 
. 7374 
. 6628 


++++ 








.0160 
.0416 
. 1166 
. 1190 


++ | 





Control 
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from the tests with litmus paper and the determinations of titrat- 
able acidity that the reaction of the medium might be a factor of 
considerable importance. In the experiments with some of the 
salts other than the thiosulphate, it was also realized that rather 
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acid solutions were produced in some cases, and the effect of this 
factor on the ‘‘toxic concentration” of the salt employed was 
entirely problematical. 





12 16 


Days 
Fig. 1. Aspergillus niger on solution of initial Pg 4.2 containing thiosul- 
phate. 


dry weight. 
----------- thiosulphate decomposed expressed as cc. 
N/100 iodine. 
— - —— - —— hydrogen ion concentration. 
ciuibuenaiie *monulphate cecompooed a 
(The legend above holds for figures 1-3 and 7-15.) 





In this series of experiments the thio- 
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sulphate content was held constant at practically a .6 per cent 
solution, while the hydrogen-ion concentration was varied from 
an initial Py of 3.0 to 7.1. Increases in the hydrogen-ion con- 
centration of the original medium were obtained by the addition 



































Ory wt. Ce. 

cgms. lodine 

80 & 
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Days 


Fig. 2. Penicillium cyclopium on solution of initial Pa 4. 2 con- 
taining thiosulphate. 


of,N/5 HCl, while the decreases were obtained by the use of N/5 
NaOH. If either of these compounds be added before steri- 
lization, a caramelization and consequently a decided change in 
the medium occurs, so that the following procedure was adopted. 
The solution was mixed en masse for a particular series and 
(50—x) ee. pipetted into flasks of 120 cc. capacity which were 
then sterilized in an autoclave at 15 pounds pressure for 20 
minutes. After cooling, x cc. of sterile acid or alkali were added 
under sterile conditions to each flask which was then allowed to 
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stand for 24 hours so that a state of equilibrium would be attained. 
By this procedure the final volume of the solution was 50 cc., and 
the concentration of the salts was comparable to that of the 
original solution. 
The successive increases in growth, decreases in the amount of 
Ory wt. , cé. 
c of lodine 

















of 


Lissette 


4 




















20 
12 16 


8 
Days 
Fig. 3. Botrytis cinerea on solution of initial Ps 4.2 containing 
thiosulphate. 


thiosulphate present, and changes in the reaction were deter- 
mined for each series of cultures. 
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The composition of the medium was as follows: NH,NO, M/1, 
6.2 ec.; KH,PO, M/1, 2.5 cc.; MgCl, M/1, 1.0 cc.; Na,S,0, M/1, 
1.2 ec.; sucrose M/1, 7.3 cc.; FeCl, M/1000, .5 cc.; water plus 
acid or alkali sufficient to make 50 cc. 

The addition of NaOH caused some precipitation in the me- 
dium but this was disregarded. 

Experiment 16.—-In following the successive changes in the 
cultures, quantitative determinations were made of growth, 
changes in Py, and the thiosulphate content of the solution, 
qualitative tests for H,S and sulphates, and observations on the 
sporulation of the cultures. The relations between growth, 
hydrogen ion, and the consumption of thiosulphate are more 
clearly shown in figs. 1, 2, and 3. Both Aspergillus and Botrytis 
show a rather meagre growth on this acid solution, while Peni- 
cillium grows very well, surpassing this growth in only one other 
solution, that of Py 4.5. A series at Py 3.0 was inoculated but 
no growth was obtained with any of the organisms. 

If any direct relation exists between the decomposition of 
thiosulphate and the resulting growth, the ratio of thiosulphate 
to growth would be a constant and would appear as a straight 
line when plotted on coérdinate paper. If the possibilities of ex- 
perimental error are considered, there appears to be such a 
straight-line relationship in 8 of the 12 cases determined and 
represented in figs. 4,5, and 6. Penicillium seems to exhibit the 
direct relationship between the decomposition of thiosulphate 
and growth in the series of cultures at initial P, 4.2, while 
Aspergillus and Botrytis exhibit the most extreme variations. 
The hydrogen-ion concentration of the solution does not appear 
to be the factor involved in these variations, as the hydrogen-ion 
concentration produced by Botrytis was lowest during most of the 
experiment and yet this fungus was the most inefficient user or 
decomposer of thiosulphate when dry weight is considered as a 
criterion of efficiency. In some of the other series of experiments 
it may be seen that a similar low production of acidity may not 
similarly affect the ratio curve. A point of interest is the de- 
cided reversion of the reaction in the solution supporting the 
growth of Penicillium. This decided reversion of the reaction 
occurred between the tenth and thirteenth days at the period 
when the mycelium suddenly produced a large number of spores. 
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Such a reversion of the reaction at the initiation of the fruiting 
stage will also be noted for Penicillium in the series at P, 7.1. 
However, no such noticeable reversions of the reaction occurred 


Ratio 
80F 
































8 12 16 
Da ys 
thiosulphate decomposed 
growth , 





Fig. 4. Aspergillus niger, ratio 


initial Pg 4.2. 

initial Pg 4.5. 
—-——-—— initial Pa 5.9. 
—— --——--- initial Px 7.1. 
(This legend holds for figs. 4-6.) 


with Aspergillus or Botrytis at any stage of growth on the solu- 
tions containing the thiosulphate. 


Two products of the decomposition of the thiosulphate are 
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H,S and sulphates. The control flasks, though remaining 
sterile throughout, had given rise to H,S after 5 days. 


TABLE X 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING .6 
PER CENT SODIUM THIOSULPHATE. INITIAL Pg 4.5. EXPERIMENT 17 














: Ce. Per cent 
Rial | nico | Naso. | ms] Sot. |Seome 
iodine | decomposed P 


Dry wt. 


sass (gms.) | Pa 





| 
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. 1251 
. 5258 
.6598 
. 9763 
. 7578 
. 7619 


34.5 
80.5 
93.3 
98.7 
99.1 
100 


— i he et DO CO 


CON Oe = 
++++++ 





. 0483 
. 2483 
.3961 


. 7755 


eooococo 


bo bo 09 0D 60 
SCOOP De 
+++++ | 





3.8 + 
3.0 - 
3.1 he 
3.0 + 
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Control 4.5 


oO 


























* 2 cultures only. f Slight after 15 days. 


Experiment 17.—The solution for experiment 17 was the 
original solution without the addition of acid or alkali. Not- 
withstanding careful technique in the preparation of the solution 
and the use of the best chemicals obtainable, the initial Py of 
the solution varied as much as .4 Py from time to time. More 
generally the reaction of the freshly prepared solution was Px 
4.9, 

The increase in growth of Aspergillus and Botrytis over that 
obtained in the previous solution was marked, while Penicillium 
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though showing a slightly greater growth, required a third longer 
time to attain this. As in the former experiment, Botrytis de- 
composed a greater quantity of thiosulphate per unit weight than 


Ratio 
70f 





50 \ 





30 a 
—_—- 


=o 
10 i 


4 s 12 16 20 
Oays 


























thiosulphate decomposed 


Fig. 5. Penicillium cyclopium, ratio growth 





the other organisms and produced a greater darkening of the lead- 
paper, indicating a greater production of H,S.. Aspergillus, 
though producing an acidity of the solution amounting to Px 
1.7 and finally decomposing all the thiosulphate, failed to produce 
any H,S. This fact is not in agreement with the idea of some 
earlier workers that the acidity produced in the solution might 
be responsible for the separation of free sulphur and the pro- 
duction of H,S. The control flask produced a trace of H,S after 
the fifteenth day but no sulphates were present. The results 
are shown more clearly in figs. 7, 8, and 9. 

Experiment 18.—The chief results as presented in table x1 
are shown graphically in figs. 10, 11, and 12. Aspergillus and 
Botrytis made further increases in growth over the two previous 
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TABLE XI 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING .6 
PER CENT SODIUM THIOSULPHATE. INITIAL Pa 5.9. EXPERIMENT 18 


























: Ce. Per cent 
Dry wt.| Final Sul- | Sporu- 
Fungus Days (gms. ) Pg — Pres ns d HS phate | lation 
pose 
4 * .7956| 2.1 5.5 74.3 1 + 0 
7 11.1286) 1.7 0.6 97.2 1 + 1 
‘ 9 * 9742; 2.0 0.4 98.1 1 + 1 
A.nlg. | 32 | * 9248] 2.2 | 0.3 98.6 oe . 2 
15 * 8836) 2.2 0.2 99.0 1 + 2 
18 |*1.1650| 2.3 0 100 1 + 3 
4 .0785| 5.6 16.4 23.3 1 + 0 
7 .1855| 4.9 12.9 39.7 1 + 0 
— 9 .4904|} 3.8 12.4 42.0 2 + 0 
ee 12 .5166| 3.8 7.6 64.4 2 + 0 
15 .5671| 4.1 §.2 74.7 2 + 0 
18 otel| 4.32 2.5 88.3 3 + 1 
4 * .1203| 5.4 19.3 9.8 1 + 0 
7 .3526| 3.5 12.4 42.0 1 + 2 
. i. 9 .6415| 3.5 8.1 62.1 1 + 2 
12 1.0472} 2.8 4.0 81.3 1 + 4 
15 .9991| 2.6 3.4 84.1 1 + 4 
29 .8423| 3.4 0 100 1 + 4 
Control 5.9 21.4 0 + 





























*2 cultures only. 


solutions, Aspergillus attaining this growth very rapidly with a 
change in the reaction to Py 1.7 on the seventh day. The rapid 
increase of growth of Aspergillus to the seventh day followed by 
a decline and a second maximum on the eighteenth day when the 
thiosulphate had disappeared did not occur in other cultures, 
so that the significance of this is not known. The unit of dry 
weight per unit of thiosulphate decomposed was practically the 
same for Aspergillus and Botrytis, with Penicillium exhibiting a 
variable ratio as shown in fig. 5. Penicillium was the strongest 
producer of H,S though the total quantity of thiosulphate de- 
composed was less than for the other organisms employed. 
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Experiment 19.—The results as presented in table xm are 
shown graphically in figs. 13, 14, and 15. All the fungi made a 
good growth on this solution, Aspergillus growing rapidly, with 
Botrytis appearing so slowly that no determinations were obtain- 


TABLE XII 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING 6 
PER CENT SODIUM THIOSULPHATE. INITIAL Pua 7.1. EXPERIMENT 19 























: Ce. Per cent 

Fungus Days Dey wt. _ N/100 | NaS,O; | HS ae! Sporu- 
(gms. ) as iodine | decomposed phate | lation 

4 .3221 3.4 16.9 23.5 0 + 1 

7 .6840 2.9 10.1 54.3 0 + 2 

A. nig. 9 .9156 2.9 §.1 76.9 0 + 3 

12 .9168 2.9 2.0 90.9 1 + 4 

15 .8207 2.9 1.1 95.0 1 + 4 

4 . 1864 4.4 17.6 20.3 0 + 3 

z . 3595 4.9 16.3 26.2 0 + 3 

P. cyel. 9 . 5026 §.1 16.3 26.2 0 + 3 

12 .6914 5.3 15.1 31.6 0 + 3 

15 .6602 | 5.8 15.9 28.0 0 + 4 

7 . 1352 6.1 19.0 14.0 0 + 4 

9 . 2687 5.4 15.7 28.9 0 4 

B. cin. 12 .4143 §.2 12.8 42.0 0 + 4 

15 .6480 4.9 9.5 57.0 1 + 4 

18 . 7861 4.7 5.6 74.6 1 + 4 

Control _ — 7.1 23.1 — 0 > — 
































able at the end of 4 days. Webb (’19) has found the alkaline 
limit for the spores of Botrytis to be near the neutral point, Px 7, 
and here we apparently have a case of retarded germination and 
growth until the change in reaction of the substratum has reached 
the favorable range of acidity, where a rapid increase in growth 
can occur. This will appear from an examination of table xml! 
showing the successive increases in growth of each organism in 
this solution. Aspergillus usually makes relatively large and 
rapid increases in growth, Botrytis usually attains the largest 
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successive increases at a later period, while Penicillium generally 
displays an intermediate condition. The ratio of the thiosul- 
phate decomposed per unit of dry weight produced is about the 
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Fig. 6. Botrytis cinerea, ratio 


same for Aspergillus and Botrytis, with Penicillium showing a 
more economical decomposition of the thiosulphate than the 
other fungi. No H,S was produced by Penicillium, and there 
was only a slight production of this compound after the twelfth 
day by Aspergillus and after the fifteenth day by Botrytis. A 
very interesting reversion of the reaction occurred in the cultures 
of Penicillium after the first determination at 4 days, and this 
may have begun even earlier. No tests were made for sugar in 
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these cultures, though later experiments in this report will show 
that Penicillium may cause a reversion of the reaction before the 
sugar has disappeared. 
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Fig. 7. Aspergillus niger on solution of initial Pa 4.5 containing 
thiosulphate. 


C. GROWTH AND HYDROGEN-ION CONCENTRATION WITH MgSO, 
SUBSTITUTED FOR NaS; AS A SOURCE OF SULPHUR 


The basic solution in which equi-molecular weight substitu- 
tions as Na,S,O, were employed in the 4 preceding experiments 
was now used with MgSO, as the source of sulphur. 
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TABLE XIII 


SUCCESSIVE INCREASES IN DRY WEIGHT ON THE SOLUTION WITH AN 
INITIAL Pg OF 7.1 



































Days 
Fungus 
4 7 9 12 15 18 
A. nig. .3221 .3619 . 2316 .0012 — = 
P. cycl. . 1864 .1731 . 1431 . 1888 _— — 
B. cin. — . 1352 . 1335 . 1456 . 2337 .1381 
TABLE XIV 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING 


MAGNESIUM SULPHATE. 


INITIAL Pa 4.1. 


EXPERIMENT 20 




















Dry wt.| Final 
Fungus Days| (gms.) | Ps Sugar | Sulphates| H.S | Sporulation 
4 . 8569 1.6 + + 0 0 
7 1.0369 1.5 0 = 2 0 1 
‘ 9 .9812 ee 0 + 0 1 
+. 12 | .9186| 1.7 | 0 + 0 1 
15 . 8723 1.9 0 + 0 1 
18 . 8428 1.9 0 + 0 1 
4 . 3232 3.7 + + 0 1 
7 . 8624 3.7 + + 0 3 
P. cyel 9 . 9446 4.2 5 _ 0 3 
: : 12 1.1722 4.2 Slight + 0 3 
15 . 9807 4.6 Slight > 0 4 
18 .9344 5.0 0 = 0 4 
+ .1915 2.9 + T 0 3 
7 .5791 | 2.9 + + 0 3 
> 9 . 7224 2.4 + + 0 3 
; 12 . 8643 2.2 + + 0 3 
15 | 1.0060 | 2.4 + + 0 3 
18 1.0123 2.4 + 0 + 
4.1 + + 0 
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balance of sodium and chlorine ions as nearly as possible that of 
the former solution where Na,S,0, and MgCl, were used, a 
sufficient amount of NaCl was added to maintain the balance of 
sodium and change the balance of chlorine only very slightly. 
Ory wt. . Ce. 
- c 

ega s loding 
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Fig. 8. Penicillium cyclopium on solution of initial Pa containing 
thiosulphate. 


The modified Pfeffer’s solution in which the substitutions were 
made is known to be a favorable solution for the growth of many 
fungi, hence this series of cultures was grown to determine if 
there had been any retarding effect of the thiosulphate in solu- 
tions of the same initial Py, as well as the relative changes in the 
hydrogen-ion concentration, the production of H,S, and the 
reversions in reaction in relation to the disappearance of the sugar 
as determined by qualitative tests with Fehling’s solution. The 





1921] 
ARMSTRONG—SULPHUR NUTRITION IN THE FUNGI, THIOSULPHATE 263 


composition of the solution was as follows: NH,NO, M/1, 6.2 cc.; 

NaCl M/1, 2.4 cc.; KH,P0, M/1, 2.5 cc.; MgSO, M/1, 1.0 cc.; FeCl, 
M/1000, .5 cc. ; sucrose M/1, 7.3 cc.; water, 30.1 cc. 

Ory wt. Ce, 

¢ H s : lodine 
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Fig. 9. Botrytis cinerea on solution of initial Pa 4.5 containing thio- 
sulphate. 
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Experiment 20.—The solution used in this experiment, with 
an initial P, 4.1, was that given above without the addition of 
acid or alkali. The growth of the 3 fungi is uniformly better in 


Dry wt Cc. 
eggs. laodine 
120 
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Fig. 10. Aspergillus niger on solution of initial Pa 5.9 containing 
thiosulphate. 


these cultures than where the thiosulphate is used at the same 
Py. This is rather markedly so for Botrytis which is most sus- 
ceptible to the inhibiting influence of the thiosulphate. The 
acidity produced by Aspergillus and Botrytis is also greater than 
that in any of the cultures of the 4 preceding experiments. 

The tests for sugar were made by adding a few cc. of Fehling’s 
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solution to 10 cc. of the culture solution which was then warmed. 
If no precipitate appeared, a few drops of HCl were added to 
another 10-cc. portion of the culture, this brought to a boil, and 
Fehling’s solution added as before. The latter step was not 
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Fig. 11. Penicillium cyclopium on solution of initial Pa 5.9 con- 
taining thiosulphate. 


* necessary in any case where sugar was present, for there appeared 
to be some inversion even in the control flasks. A comparison 
of the changes in reaction caused by the different fungi can be 
seen from table x1v and figs. 16,17, and 18. The peak of growth 
for Aspergillus is reached by the seventh day, with a total dis- 
appearance of the sugar and only a slight decrease in the acidity 
from P, 1.5 to 1.9. The peak of growth was not reached by 
Botrytis even at the eighteenth day, neither had the sugar been 
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entirely used, nor was there any reversion of the reaction that 
might not be due to experimental error. The temperature of 
these experiments is not as favorable for Botrytis as for the other 
organisms, and no doubt this is one factor in its less rapid growth. 
The peak of growth was reached for Penicillium by the twelfth 


TABLE XV 


GROWTH AND RELATIONS OF CERTAIN FUNGI ON MEDIA CONTAINING 
MAGNESIUM SULPHATE. INITIAL Pg 5.5. EXPERIMENT 21 
































Dry wt.| Final 

Fungus Days | (gms.) | Pa Sugar | Sulphates | H:S | Sporulation 

4 | .3130| 1.9 + + 0 0 

7 | 1.0426| 1.5 0 + 0 1 

elas 10 | .8499] 2.1 0 + 0 2 

ss 12 | .7549| 1.9 0 + 0 2 

15 | .7409| 2.9 0 + 0 3 

18 | .6072| 2.9 0 + 0 4 

4 | .2466| 5.3 + + 0 0 

7 | .9028| 4.1 + + 0 1 

> we 10 | 1.1006 | 4.7 + + 0 1 

- 12 | 1.0497 | 5.0 | Slight + 0 1 

15 | .8440] 5.0 0 + 0 i 

is | .9560| 5.1 0 + 0 1 

4 | .1480] 5.3 $e rt 0 1 

7 | .4881| 4.3 + + 0 3 

10 | .7611| 3.6 + + 0 3 

». 12 | .8719| 2.9 + + 0 3 

15 | .8645| 2.9 + + 0 3 

18 | .9728] 3.1 + + 0 3 

Control 5.5 + oo 0 


























day, with sugar present in small amounts the fifteenth day, 
though a reversion of the reaction began after the seventh day 
and proceeded from Py, 3.7 to 5.0, when the sugar had dis- 
appeared from the solution. 

Experiment 21.—To produce a solution with an initial Py of 
5.5, 5 ec. of sterile NaOH were added to each flask, hence this 
quantity of water was deducted from that added to each flask in 
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experiment 20. The different relations of the fungi to the 
changes produced can be seen in table xv and figs. 19, 20, and 21. 
In comparing these results with those in experiment 18 where 





the same amount of sodium hydroxide was added to the thio- 
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Fig. 12. Botrytis cinerea on solution of initial Pa 5.9 containing 
thiosulphate. 
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sulphate cultures, however with a slightly different Px, it can be 
seen that the growth of Aspergillus is less, that of Botrytis about 
the same, and that of Penicillium practically double. Both 
Aspergillus and Penicillium exhibit a reversion of the reaction, 
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Fig. 13. Aspergillus niger on solution of initial Pa 7.1 containing 
thiosulphate. 
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the reversion becoming apparent in cultures supporting Asper- 
gillus after the seventh day, when sugar was no longer present; 
while the reversion with Penicillium occurred at the same period, 
though sugar was present until after the twelfth day. The change 
in reaction for Aspergillus was from Py 1.5 to 2.0 and for 'Peni- 
cillium from Py 4.1 to 5.1. 
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Fig. 14. Penicillium cyclopium on solution of initial Pg 7.1 con- 
taining thiosulphate. 


No H,S was produced from any culture where magnesium 
sulphate served as a source of sulphur. 
DIscussION 


In all the cultures with Na,S,O, as a source of sulphur, sul- 
phates appear as the chief end product of the action of the fungus 
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on this compound, H,S is generally produced, and extracellular 
sulphur, the tetrathionate, and also globules of sulphur in the 
hyphae sometimes occur. 

Nathansohn (’02), Tanner (’17), Beijerinck (’00, ’04), Neuberg 
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Fig. 15. Botrytis cinerea on solution of initial Pa 7.1 containing 
thiosulphate. 


and Welde (’15), and Raciborski (’05), working with bacteria and 
higher fungi, have presented equations representing the possible 
course of the changes involved, the variations in the equations 
depending upon the chief end product. The 3 fungi used have 
produced all of the above-named compounds in one or the other 
of the solutions employed, hence it has seemed inadvisable to give 
a specific equation representing the probable nature of the meta- 
bolic changes. 
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The production of H,S has seemed unrelated to any of the 
factors determined in these experiments, such as hydrogen-ion 
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Fig. 16. Aspergillus niger on solution of initial Pa 4.1 containing 
magnesium sulphate. 





dry weight. 
- —— - hydrogen-ion concentration. 
(The legend above holds for figs. 16-21.) 


concentration, concentration of the salt, relative decomposition 
of the salt, or relative degree of growth. This compound is 
generally produced, but the rather similar conditions under which 
it sometimes fails to occur make it difficult to relate clearly its 
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production to the known factors. For example, Aspergillus has 
produced H,S from every solution containing thiosulphate 
except the one with initial P, 4.5, lowest P, 1.7, where all the 
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Fig. 17. Penicillium cyclopium on solution of initial Pa 4.1 con- 
taining magnesium sulphate. 


thiosulphate was decomposed and sulphates were clearly appar- 
ent. Penicillium has behaved similarly except on the solution 
with the initial Py 7.1, lowest Py, 4.4, where the growth was 
good, yet with little of the thiosulphate decomposed. The initial 
acidity alone might be conceived as the limiting factor, for the 
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actual acidity during much of the growing period was practically 
the same in the two cases cited as for other experiments. 

A separation of free sulphur has occurred, more particularly 
at the higher concentrations. That the deposit is sulphur, or 
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Fig. 18. Botrytis cinerea on solution of initial Pa 4.1 containing 
magnesium sulphate. 


largely so, is shown by the easy solubility of most of the deposit 
in CS, and by the distinct odor of sulphur obtained on drying and 
heating the deposit. Globules like those in milk of sulphur, a 

well’as many rhombic and monoclinic crystals, were found in the 
cultures with the higher concentrations of the thiosulphate. 
Nathansohn ascribed the separation of sulphur in his cultures to 
the production of a tetrathionate, while Raciborski could find no 
tetrathionate but observed the separation of sulphur. In the 
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solution employed in experiment 3 in which Aspergillus evidently 
caused the production of a tetrathionate, there was no apparent 
separation of sulphur, while in several other cultures where the 
separation occurred no tetrathionate could be detected. 
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Fig. 19. Aspergillus niger on solution of initial Pg 5.5 containing 
magnesium sulphate. 


The tips of many hyphae contained globules of varying sizes 
after a growth period of 21 days in the 5 and 10 per cent solutions 
of thiosulphate. A few days after the end of this period, some of 
the globules were found crystallizing in the hyphae in the shape 
of double pyramids as described by Molisch (’13) and Miyoshi 
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(97). These globules and crystals give the reactions and have 
the appearance of sulphur, and they show that these fungi can, 
under certain conditions, accumulate sulphur in the mycelium as 
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Fig. 20. Penicillium cyclopium on solution of initial Px 5.5 con- 
taining magnesium sulphate. 


in the case of the filamentous sulphur bacteria. The solubility 
of the globules in carbon bisulphide, ether, and chloroform, and 
their insolubility in hydrochloric acid, absolute alcohol, hot 
alkali (KOH), glacial acetic acid, nitric acid, benzol, and benzol 


after treatment with absolute alcohol, indicate that they are 
sulphur. 
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In experiments 16-19 inclusive, in which the thiosulphate was 
used as a source of sulphur, the ratio of thiosulphate decomposed 
to growth is not a constant in all cases, but the constant rela- 
tion does appear in 8 of 12 sets of cultures as shown in figs, 
4,5, and 6. The hydrogen-ion concentration of the medium does 
not appear to be a limiting factor in the efficiency of the use 
of the thiosulphate. 
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Fig. 21. Botrytis cinerea on solution of initial Pa 5.5 containing 
magnesium sulphate. 


Reversions of the reaction from the more acid condition to- 
wards neutrality were observed with both Aspergillus and Peni- 
cillium. From the results of experiments 20 and 21 it is seen that 
Aspergillus caused a rapid decomposition of the sugar, that the 
total disappearance of the sugar is accompanied by the production 
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of high acidity, and that a reversion of the reaction immediately 
follows. Penicillium cyclopium caused the reversion to take 
place before the disappearance of the sugar, suggesting the 
simultaneous production of hydrogen and hydroxyl ions with the 
hydroxyl ions produced in excess. Chambers (’20) has studied 
some interesting relations of the effect of the concentration of the 
sugar upon the reversion of the reaction by Bacillus coli and 
Bacillus aerogenes. Ayers and Rupp (’18) have explained the 
simultaneous production of acid and alkali by B. aerogenes in an 
inorganic medium as due to the production of organic acids from 
the sugar with the subsequent formation of alkaline carbonates 
or bicarbonates from the organic acids. 

The results of the determinations of the hydrogen-ion con- 
centration of the medium at relatively short intervals make it 
apparent that the method of determining the initial and final 
hydrogen-ion concentrations of fungous cultures may not give 
an indication of the changes which have proceeded in the reaction. 

Sporulation was retarded or largely inhibited in the more acid 
solutions. Aspergillus niger produced the greatest acidity and 
sporulated at a higher acidity (e. g., Pq 1.7-2.1) than either 
Penicillium or Botrytis. The heavy sporulation of Penicillium 
cyclopium in the solution with an initial P, 4.2 occurred during 
the rapid reversion of the reaction when the acidity of the solu- 
tion was P, 3.0 or above. 


CONCLUSIONS 


1. MgSO,, Na,S.0,, MnSO,, KSH, KHSO,, K,S.0,, KCNS, 
and NH,CNS, in general, have served as favorable sources 
of sulphur, in the order named, for Aspergillus niger, Penicil- 
lium glaucum, and Botrytis cinerea. Meagre growth was obtained 
with K,S. Inhibition of growth occurred for Penicillium on 
K,S,0, though this compound was better for Aspergillus, in the 
concentration employed, than KSH or KHSO,. 

2. H,S has been produced except where MnSO,, MgSO,, and 
K,S,0, were used. The production of this compound seems 
unrelated directly to hydrogen-ion concentration, concentration 
of the salt, or relative degree of growth. 

3. In the culture solution, sulphates appear as the chief end 
product of the action of the above-named fungi on Na,S,0,, 
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H,S is generally produced, molecular sulphur in visible quantity 
not infrequently appears, the tetrathionate has been identified 
in certain cases, and in the hyphae globules of sulphur sometimes 
occur. 

4. The ratio of thiosulphate decomposition to growth is not a 
constant in all cases for Aspergillus niger, Penicillium cyclopium, 
and Botrytis cinerea, though in the 12 series of cultures here re- 
ported upon such a constant relation does appear with one or 
more of the fungi in 8 of the series. The usual growth range of 
hydrogen-ion concentration does not appear to be a limiting factor 
in the efficiency of the thiosulphate as a source of sulphur for 
these fungi. 

5. In a modified Pfeffer’s solution the disappearance of the 
sugar, within the limits determined, marks the point of the re- 
version of reaction for Aspergillus niger. Penicillium cyclopium, 
on the other hand, may cause a reversion of the reaction with 
sugar present in the solution. 

6. Since it has been established that reversion of the reaction 
may occur, it is clear that the true course of the changes which 
have occurred may not be obtained merely by a determination of 
the initial and final hydrogen-ion concentrations of the fungous 
cultures. 


The writer wishes to express his appreciation of the invaluable 
suggestions and criticisms of Dr. B. M. Duggar in the later in- 
vestigations which are the subject of much of this paper. Thanks 
are extended to Dr. J. B. Overton, of the Department of Botany 
of the University of Wisconsin, for helpful direction and advice 
in the early progress of this work. Thanks are also due Dr. 
George T. Moore for the privileges and facilities of the Missouri 
Botanical Garden. 
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STUDIES IN THE PHYSIOLOGY OF THE FUNGI 


XV. GERMINATION OF THE SPORES OF CERTAIN FUNGI 
IN RELATION TO HyDROGEN-ION CONCENTRATION! 
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Formerly Rufus J. Lackland Research Fellow in the Henry Shaw School of Botany 
of Washington University. 


INTRODUCTION 


The effect of the hydrogen- and the hydroxyl-ion concentration 
in a mannite medium upon germination of the spores of certain 
fungi, Aspergillus niger, Penicillium cyclopium, Botrytis cinerea, 
Fusarium sp., and Lenzites saepiaria, and the range within which 
their most favorable germination occurs have been presented in 
a recent paper (Webb, 719). Very striking data were obtained 
from this preliminary study, the features of particular interest 
being (1) the importance of active acidity in germination and (2) 
the relatively low percentage of germination under conditions of 
active alkalinity. It was found, in general, that the majority 
of the fungi employed showed maximum germination of the 
spores with relatively high acidity, namely, Px 3.1, and further, 
that none of the fungi suffered inhibition of germination on the 
acid side of neutrality until a hydrogen-ion concentration greater 
than that of Px 2.8 was passed. Germination quantities in 
most cases decreased, though not necessarily proportionally, 
with decrease in hydrogen-ion concentration from the optimum 
concentration previously mentioned. Certain forms, however, 
such as Penicillium cyclopium and Fusarium sp., exhibited sec- 
ondary maxima at or near neutrality. 

The medium employed in that investigation contained mannite 
as the sole nutrient, and its hydrogen- and hydroxyl-ion con- 
centrations were adjusted by means of equal additions of ortho- 
phosphoric acid and successively increasing additions of sodium 
hydroxide. Logical questions which naturally arise at this 

1An investigation carried out at the Missouri Botanical Garden in the Graduate 
Laboratory of the Henry Shaw School of Botany of Washington University, and 
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point are: Is the effect of the hydrogen- and hydroxyl-ion con- 
centration upon the rate of germination of the spores of certain 
fungi the same in different types of media? Is the range within 
which the most favorable germination occurs the same for 
different types of media? What relation does nutrition bear, if 
any, to the toxicity of the hydrogen- and hydroxyl-ion concentra- 
tion during germination? And, if certain differences in effect 
exist, what are the explanations of such phenomena? These 
questions, together with others, suggested the desirability of 
conducting the investigation reported in this paper. Using the 
spoces of 8 fungi a comparative study has been made dealing 
with the effects of hydrogen- and hydroxyl-ion concentrations 
upon germination (1) in water, (2) in such single nutrient solu- 
tions as mannite and peptone, and (3) in such full nutrient 
solutions as Czapek’s solution and sugar-beet decoction. 


LITERATURE 


The literature concerning the germination of fungous spores 
and their subsequent growth and development, as related to 
the reaction of the medium, has been historically considered 
by the writer in an earlier paper (Webb, ’19). These articles 
together with certain others—as reviewed below—are completely 
cited in the bibliography of this paper. 

Buller (’06) obtained a high germination percentage with the 
spores of Polyporus squamosus in a malt-wort extract, the reaction 
of which was slightly acid. He prepared a solution with tap 
water, meat extract, 0.5 per cent, peptone, 0.5 per cent, grape 
sugar, 3 per cent, and gelatin, 10 per cent, adding sodium 
carbonate until distinctly alkaline. The mycelium grew in this 
mixture more vigorously and branched more frequently than in 
the malt-wort extract. In a decoction made from the wood of 
Acer pseudoplatanus, no germination occurred during the first 
2 days, but about 1 per cent of the spores had germinated on 
the third day. However, bacteria had developed abundantly in 
the culture. Buller says: ‘‘The impression given me by this 
exceptional case was that the metabolism of the bacteria had 
given rise to some substance which to a slight extent had stimu- 
lated the spores to germinate.” A change in reaction of the 
medium may have been a contributing factor, but no mention 
is made concerning this point. 
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Falck (’12) showed that the acidity of the medium is a con- 
ditioning factor for the growth of several species of Merulius. 
The same writer further observed that Coniophora, by making 
the medium decidedly acid and thus providing favorable condi- 
tions for the germination of the spores, conduced to the sub- 
sequent growth and development of Merulius. 

Peltier (’12) obtained best development of Botrytis cinerea 
on various culture media possessing a slightly acid reaction and 
poorest growth on strongly alkaline media. A strongly alkaline 
medium, moreover, caused the mycelium to remain sterile, while 
a strongly acid one reduced the number of sclerotia and favored 
conidial production. 

Stakman (’13), in an extensive study on the germination of 
cereal smuts, found that the period required for germination and 
the morphological features during germination varied with the 
organism. In general, greater vigor of germination and more 
abundant and prolonged production of sporidia occurred in 
sugar solutions than in water. 

According to Cooley (’14), Sclerotinia cinerea may even grow 
on a medium as acid as the natural juice of sour plums or cherries, 
although it develops more luxuriantly on a somewhat less acid 
medium. No perceptible growth was immediately produced with 
a neutral reaction of the medium, but at the expiration of 2 weeks 
the mycelial growth at such a reaction nearly equaled that on 
the acid medium. Spore production was very abundant on the 
acid media, but entirely inhibited on the alkaline side. While 
the fungus required relatively high acidity for maximum growth, 
it could adjust itself in time to a slight degree of alkalinity. 

Gillespie (’18) studied the growth of certain strains of Actin- 
omyces chromogenus as related to various hydrogen-ion con- 
centrations within the range Py 4.8-7.2, using succinate, citrate, 
and potato-tartrate media. In general, the potato-scab organism 
was found to be inhibited in culture media with an acidity of 
Py 5.2, and better growth developed at less acid reactions. 
Individual strains showed different sensitiveness to acidity, but 
the differences failed to furnish any consistent distinctions. 
Growth in the most acid cultures was accompanied by a marked 
decrease of acidity in the medium, but such changes varied with 
the organism, the medium, and the initial reaction. 
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Steinberg (’19), using Pfeffer’s solution as a medium, conducted 
experiments dealing with the relation of 7 different acids to the 
growth and spore production of Aspergillus niger. The addition 
of acid to the normal nutrient solution, which initially tests P, 
3.0-4.0, produced an acceleration of growth; the addition of 
alkali to the normal nutrient solution resulted in a diminution 
in yield. The effect of the increased acidities of the cultures 
was to cause a retardation or suppression of spore formation as 
contrasted with the effect of decreased acidity, which failed to 
exhibit the same phenomenon. All 7 acids gave similar results, 
indicating that the results are primarily due to the hydrogen 
ions rather than to the anions. 

Zeller, Schmitz, and Duggar (’19), growing various wood- 
destroying fungi on Czapek’s solution, Dunham’s solution, a 
pine decoction, Reed’s solution, Richards’ solution, and sap 
from Acer saccharinum, whose reactions were adjusted by means 
of mono-, di-, and tri-basic potassium phosphate, found that there 
is a decided indication of the advisability of selecting a specific 
medium for each fungus. The hydrogen-ion concentration did 
not seem to be the only limiting factor in growth, and the shifting 
of the hydrogen-ion concentration due to metabolism depended 
both upon the medium and the fungus. No general statement, 
in their opinion, could be made concerning the relation between 
hydrogen-ion concentration of the culture media and the growth 
of wood-destroying fungi as a group. 

Thiel and Weiss (’20) report that acetic acid in aqueous solu- 
tion exerts a pronounced stimulating effect on the germination 
of teliospores of Puccinia graminis. Other acids and chemical 
agents in various concentrations were employed by them. but 
all gave negative results. Although no hydrogen-ion determina- 
tions were made, or at least published, the authors are inclined 
to believe that the process is not one of hydrogen-ion catalysis, 
but one of a specific activator. 

Zeller (’20) obtained a high percentage of spore germination 
of Lenzites saepiaria upon the shavings of short-leaf pine sap- 
wood when the humidity of the air was sufficiently high to supply 
free water as a film on the wood surface. A decoction prepared 
by steaming such shavings with distilled water in a reflux tested 
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Px 4.2, with active acidity of the shavings probably not above 
Px 3.8. This closely approaches Px 3.0, the optimum hydrogen- 
jon concentration in various media, as reported in this paper 
by the writer. 

Hopkins (’21), varying the hydrogen-ion concentration of a 
synthetic medium, the name of which does not appear in the 
published abstract, by means of KH,PO,, K,HPO,, H,PO,, H,SO,, 
KOH, and NaOH, found that the amount of growth of Gibberella 
Saubinetii increased with decreasing acidity from Psa 2.5 to 
a maximum at Py 4.0-4.5. It then decreased to a minimum at 
Py 5.0-5.5 and rose again to a second maximum, but the high- 
est point was not determined. Conidial germination of the same 
organism also showed a double maximum. A Fusarium isolated 
from scabby wheat, but not proved to be Gibberella, exhibited 
a similar depression in the growth-acidity curve. These rela- 
tions agree well with those established in this paper. 

Armstrong (’21), using a modified Richards’ solution contain- 
ing sulphur supplied as Na,S,O, and as MgSO,, determined the 
growth relations of certain fungi as influenced by hydrogen-ion 
concentration. Within the experimental range Py 3.0-7.1, he 
found that Aspergillus niger produced maximum growth with an 
initial reaction of Py 5.5-5.9, Penicillium cyclopium at Pa 4.1- 
4.5, and Botrytis cinerea at Pu 4.1-5.9. Inhibition of growth, 
in all cases, occurred at Py 3.0, and in the case of Botrytis cinerea, 
distinctly retarded and suppressed growth was evidenced at 
Py 7.1. Changes in reaction of the liquid culture media in- 
variably took place during growth of the organisms, and, in 
addition, reversions in the reaction frequently manifested them- 
selves, the nature and degree of such changes and reversions 
varying with the organism, the medium, and the initial hydrogen- 
ion concentration. 

Karrer (’21), growing certain fungi on Czapek’s solution with 
soluble starch as the source of energy, accumulated interesting 
data with respect to the reaction of the medium. Fusarium 
produced no growth at Px 2.0 and the limit on the alkaline side 
extended beyond Px 9.2. Colletotrichum Gossypiit gave a fair 
quantity of mycelium from between Px 3.0-4.5 to above Px 9.2. 
Penicillium italicum displayed a more limited range for favorable 
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growth. Best results were obtained from Pu 2.5 to Py 4.5, 
and only a few hyphae were produced at Px 8.0. During the 
growth of the organisms, certain shifts in the reaction of the 
medium were evidenced. In the initially acid cultures, Fusarium 
and Colletotrichum produced a shift towards alkalinity, while the 
reaction of the initially alkaline cultures remained more or less 
stable; in the case of Penicillium the initially acid cultures 
tended to shift towards neutrality. 


MATERIALS AND TECHNIQUE 
ORGANISMS 


Regarding the fungi and the media employed, the original 
plan of study was designed primarily to be one of a general 
nature. Fungi possessing widely divergent cultural relations 
with respect to the reaction of the medium, that is, fungi pro- 
ducing maximum growth at markedly different hydrogen-ion 
concentrations, would naturally furnish, it was realized, oppor- 
tunity for the most interesting data; hence these were given 
chief consideration. In addition, it seemed desirable to select 
such economically important forms as might suitably serve to 
represent certain significant fungous groups. Accordingly, al- 
though only relatively few fungi were obtained which would 
germinate freely in water, the following were chosen and, from 
previous knowledge of their behavior, differentiated into pro- 
visional groups as follows: Acid forms—Botrytis cinerea, Asper- 
gillus niger, Penicillium cyclopium, P. italicum, Puccinia graminis, 
and Lenzites saepiaria; acid and alkaline forms—Fusarium sp.; 
alkaline forms—Colletotrichum Gossypii. The fungi mentioned 
were obtained from various sources: B. cinerea, isolated from 
lettuce plants growing in the greenhouse; A niger and P. cyclopium 
from a jar of beans which had become contaminated in the 
laboratory; P. iialicum, from oranges grown in California; P. 
graminis, a strain which was obtained from Berkeley, California; 
L. saepiaria, from sporophores collected at intervals from rail- 
road ties in the vicinity of St. Louis; Fusarium sp., isolated 
from a cotton boll; and C. Gossypii, furnished by the South 
Carolina Agricultural Experiment Station. 
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In the test-tube cultures from which the spores were taken, B. 
cinerea, A. niger, P. cyclopium, and Fusarium sp. were grown on 
potato agar made according to Duggar, Severy, and Schmitz 
(’17); i. e., 230 gms. of potato were cut into small pieces, auto- 
claved in 1 liter of water for 1 hour at 15 pounds pressure, and 
filtered while hot. Fifteen gms. of agar were then added, and 
the mixture was autoclaved for 15 minutes at 15 pounds pressure, 
and, correction having been made for loss of water, was finally 
tubed, sterilized, and slanted. Penicillium italicum frequently 
produced spores with difficulty, and the limiting factor seemed 
to be the reaction of the medium. A medium of relatively high 
acidity is essential for sporulation with this organism, and the 
medium here employed was 1.5 per cent agar made up in Czapeks’ 
full nutrient solution as outlined on page 290. Colletotrichum 
Gossypii was grown on agar conforming to a formula suggested 
by Professor Barre: peptone, 10.0 gms.; glucose, 15.0 gms.; 
MgSO,, 0.25 gm.; K,HPO,, 0.25 gm.; agar, 15.0 gms.; and H,O, 
1000 cc. Cultures grown in the light produced abundant spores; 
those grown in subdued light, relatively few; and those in the 
dark, none. All cultures were allowed to grow at room tempera- 
ture, and the spores were always taken from cultures ranging 
in age from 10 to 15 days. 

In the case of P. graminis, wheat seedlings were inoculated 
with uredospores and allowed to develop within a cheese-cloth 
cage. Spores to be used for germination were always taken 
from fresh sori, usually appearing from 10 to 18 days after inocula- 
tion. Spores of L. saepiaria were obtained according to the pure 
culture method outlined by Zeller (’16). The sporophores were 
first rinsed several times in sterile distilled water in large test- 
tubes and then allowed to stand for about an hour in sterile 
distilled water. Following this they were removed with sterile 
forceps, the surplus water being removed by drying with sterile 
tissue toweling, and were finally placed, hymenium downward, 
in large, dry, sterile Petri dishes. After 24-48 hours the sporo- 


phores had discharged sufficient spores to make a white spore 
print. 
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CULTURE SOLUTIONS 


Mannite.—The titration curves of the various liquid media 
employed in this study are shown in fig. 1. The composition 
of the single nutrient or mannite culture solutions was based 
primarily upon the Clark and Lubs (17) titration curve of ortho- 
phosphoric acid, and the methods of procedure are the same as 
those previously described by the writer (’19). Stock solutions 
of M/5 mannite in M/10 H,PO, and M/5 mannite in N/5 NaOH 
were made. Equal quantities of the M/5 mannite-M/10 H,PO, 
solution were placed in each Pyrex flask, and successively in- 
creasing proportions of M/5 mannite-N/5 NaOH were added. 
The flasks were plugged with cotton, sterilized at 15 pounds 
pressure for 15 minutes, and allowed to stand at least 24 hours 
before making H-ion determinations. Perfect agreement be- 
tween calculated and determined values always resulted except 
within the range Py 8.0-10.0 where a shift towards neutrality 
frequently occurred. Such deviations, however, might well be 
attributed to the extreme lack of buffer action within this range, 
as shown by fig. 1, and also to any hydrolysis of mannite that 
might occur during sterilization. A relatively small precipitate 
invariably occurred in the extreme alkaline cultures. 

Czapek’s solution.—Czapek’s full nutrient solution was made 
according to the formula published in a recent paper by Zeller, 
Schmitz, and Duggar (’19): MgSO, 7H,O, 0.5 gm.; KH,PO,, 
1.0 gm.; KCl, 0.5 gm.; NaNO,, 2.0 gms.; FeSO,, 0.01 gm.; cane 
sugar, 30.0 gms.; H,O, 1000 cc. The original nutrient solution 
was prepared by adding 600 cc., instead of 1000 cc., of distilled 
water. This method, which has been described by Karrer and 
Webb (’20), and which will be restated briefly, allows dilutions 
of the various solutions by the addition of regulated amounts 
of acid or alkali and water for the adjustment of various H-ion 
concentrations without materially affecting the concentrations 
of the nutrient salts or constituents. The acid and alkali used 
with this particular medium were N/5 HCl and N/20 KOH. 
This strength of alkali is more satisfactory than one more con- 
centrated, the latter introducing difficulties in securing those 
reactions less acid than Py 4.5-5.2—the H-ion concentration 
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Fig. 1. Titration curves of certain liquid media: (1) orthophosphoric acid 
(after Clark and Lubs); (2) sugar beet decoction; (3) 2 per cent bacto-peptone 
solution; (4) Czapek’s full nutrient solution (2, 3, and 4 after Karrer and Webb): 
(5) “water HCl or KOH.” 
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of normal Czapek’s solution. With the peptone and the beet 
decoction solutions, however, N/5 KOH has been used. In all 
of the media, namely, Czapek, peptone, beet decoction, and 
water (adjusted by HCl), N/5 HCl was favorable for varying 
the reactions on the acid side. 

Inasmuch as sugars generally react with acid and alkali when 
heated under pressure, the nutrient solutions and the acid and 
the alkali were sterilized separately. Thirty cc. of the nutrient 
solution together with the desired amount of water, the amount 
of which equals the difference between the total volume and the 
sum of the volumes of the nutrient solution and the acid or 
alkali to be added, as shown by fig. 1, were put into small flasks 
plugged with cotton, and sterilized. After cooling ,the cultures 
were removed to a culture room, and the definite amounts of 
sterile acid and alkali were added with sterile graduated pipettes. 
The final volume of each culture was 50 cc., and each case repre- 
sented a dilution of the constituents comparable with that in 
the original nutrient solution. The solutions were allowed to 
stand at least 24 hours in order to reach a state of equilibrium 
before H-ion determinations were made. A certain small amount 
of precipitate occurred upon the addition of alkali, the amount 
increasing with increase of added alkali. Mannite was sub- 
stituted for cane sugar, called for in the formula, in order that 
the same carbohydrate might be present in both the single and 
the full nutrient solutions, the plan being to make the experi- 
ments with the 2 types of media as comparable as possible. 

Peptone.—A 2 per cent bacto-peptone solution, prepared 
according to the titration curve of Karrer and Webb (’20), was 
used in this investigation. The 2 per cent bacto-peptone solu- 
tion normally tests Py 7.0, and the hydrogen-ion concentration 
was varied with N/5HCl and N/5 KOH. The buffer action, 
it will be noticed, is relatively slight on the alkaline side, and is 
even less apparent in the range Py 5.0—7.0, the addition of a few 
tenths of a cubic centimeter of acid producing an almost vertical 
ascent in the titration curve. With increasing acidity above 
Pu 5.0, however, buffer action is relatively strong. No pre- 
cipitation was evidenced in the alkaline cultures of this medium. 
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Beet Decoction.—The sugar beet decoction was prepared accord- 
ing to the method outlined by Duggar, Severy, and Schmitz 
(17). This consists essentially of 370.4 gms. of sugar beets per 
liter of distilled water, autoclaved at 15 pounds for 1 hour and 
then filtered. Karrer and Webb’s (’20) titration curve and 
method of varying the hydrogen-ion concentration have been 
used as a basis, and the detailed remarks for Czapek’s full 
nutrient solution adequately suffice in this case. The beet 
decoction was made in concentrated form and in sufficient 
quantity for all of the experiments here reported during the late 
summer of 1920. This decoction, with proper dilution and 
without addition of either acid or alkali, tested Px 5.2, and the 
H-ion concentration was varied on either side by regulated 
amounts of N/5 HCl and N/5 KOH. The buffer action on the 
alkaline side is extremely weak, in fact, much weaker than that 
of bacto-peptone. Without doubt N/20 alkali would have been 
better than N/5 for the adjustment of reactions in this medium. 
The stock solutions of beet decoction, however, were made be- 
fore this point was determined, and it seemed unwise to change 
the plan at this stage. No noticeable precipitate immediately 
occurred in the alkaline cultures, although precipitation did 
occur upon prolonged standing, and a decided color change 
from pale yellow to amber was noted as the reaction passed 
from acid to alkaline. 

Water.—Distilled water was adjusted to different hydrogen- 
ion concentrations by two methods: (1) by successively increas- 
ing additions of N/5 NaOH to equal quantities of M/10 H,PO,, 
(2) by additions of acid or alkali to distilled water. The ad- 
justments in the first case were arranged on the principle de- 
scribed for the mannite culture solutions and the term “water 
H,PO, and NaOH” has been applied to water so regulated. 
In the other case distilled water was brought to the required Px 
value by means of N/5 HCl or N/20 KOH and the term ‘‘ water 
HCl or KOH” has been employed to designate these solutions. 
Distilled water testing Py 5.2-5.4 was the best that could be 
obtained. The titration curve, as presented, was worked out 
very hastily and no special precautions have been taken. Despite 
the fact that it may be subject to some criticism, it is included 
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for completeness. Initial fluctuations in H-ion concentration 
generally occurred in the neutral and alkaline cultures. 

Mannitie and Beet Decoction.—In a few experiments, a medium 
composed of a mixture of mannite and of beet decoction—the 
two in different proportions in different series— has been used. 
The method of preparation is a combination of those used with 
mannite and with beet decoction. First, a series with mannite 
and one with beet decoction were made. Then equal volumes 
of the mannite solutions of varying Ps were placed in flasks 
and to each was added twice the volume of beet decoction with 
similar or closely agreeing Py. In the other series one volume 
of beet decoction was first added, and then twice the volume 
of mannite with the corresponding H-ion concentration. The 
resulting media were accordingly (1) 333 per cent mannite 
plus 66% per cent beet decoction and (2) 66% per cent 
mannite plus 333 per cent beet decoction. 

Hydrogen-ion concentration determinations of all colorless 
solutions were made at room temperature according to the usual 
colorimetric method of Clark and Lubs(’17). Thesolutions tobe 
tested were, in all cases, allowed to stand at least 24 hours at room 
temperature in order to establish an equilibrium. Owing to 
the presence of color in the peptone and in the beet decoction 
solutions, it was necessary to use a colorimeter for the H-ion 
determinations. Two types of instruments, a Dubosceq (micro) 
and a Kober have been used at various times in this work, the 
detailed method of which has been described by Duggar (’19). 
The H-ion values appearing in the charts, curves, and manu- 
script, unless otherwise specified, represent initial determinations 
and not final determinations. Certain changes in reaction during 
germination occur, but this phase of the topic will be considered 
subsequently in the discussion. 

Solutions ranging in H-ion concentration from Py 1.2 to Ps 
9.2-10.0+ were thus obtained with each medium. Experimental 
values were, in most cases, identical with the calculated ones, 
and where the H-ion concentration was beyond the range of the 
extreme indicator, the reaction has been designated by adding 
“4+”? to the last value denoted by the indicator. With any 
medium the 12 or 13 solutions of varying H-ion concentrations 
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constituted a series. Certain definite Py values regarded as 
important for this study, as well as for other physiological studies 
of the fungi, were desired for each medium, for instance, Px 3.0, 
the optimum concentration for germination of certain forms in 
mannite, as shown by previous studies; several concentrations 
greater than Px 3.0, in order to determine inhibiting concentra- 
tions; Px 6.5 for the influence of slight acidity; Px 7.0 for neu- 
trality; and P, 7.5 for slight alkalinity. Aside from these de- 
sired concentrations the range Py 1.2-10.0+ has been con- 
veniently but not equally subdivided. 

Similar technique to that described in my previous paper 
(Webb, 719) was used throughout this study. For any organism, 
and usually for several organisms, a stock solution of a specific 
medium was made up at one time, so that all data in this paper 
represent uniformity for an organism and a particular medium. 

The initial Py of any stock solution varied somewhat, varia- 
tions of several tenths not being infrequent despite the most 
careful technique during the preparation and the use of highest 
purity chemicals. Since the highest purity monobasic potassium 
phosphate then obtainable exhibited a high acidity, the salt was 
recrystallized until the Sérensen coefficient of Px 4.529 for 1/15 
molecular was obtained. 

Doubly distilled water testing Py 5.2-5.4, distilled first from 
a Bourdillon still with a block tin condenser, and then redistilled 
in Pyrex flasks containing several crystals of _KMNQO, and 
condensed in the usual glass condenser, has been used in all of 
the experiments here reported. 


METHOD OF CULTURE 


The methods employed, essentially those described by Clark 
(99) and Duggar (’01), are substantially those used in my 
previous work (Webb, 719) and need not be described again. 
All cultures were run in duplicate and a series with every organism 
was incubated at three different temperatures, a range of 4-5° C. 
on either side of an approximate optimum temperature being 
sufficient for all purposes. 

The spores of C. Gossypii, it was found, germinate with diffi- 
culty in hanging-drop cultures, but germinate more readily in 
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thin films placed on slides. The slides bearing the spore suspen- 
sion were elevated upon corks in large Petri dishes, and relatively 
large quantities of the solution to be tested were placed in the 
bottom of the dishes. The cultures being destroyed upon 
examination, it was possible to make only one reading. 

In testing the change in reaction of the medium during ger- 
mination, 2-cc. portions of the various solutions of a series were 
placed under aseptic conditions in sterile test-tubes. The tubes 
had a volume of 22 cc. and were plugged with cotton. Several 
loops of spores were placed in each test-tube of solution, care 
being exercised to secure a heavy and uniform suspension, and, 
following inoculation, the cultures were allowed to incubate at 
a provisional optimum temperature for a period of 20 hours. 
All of the cultures were set up in duplicate and controls were 
run simultaneously. The initial and final hydrogen-ion concen- 
trations were determined in the usual way. 

Extreme precautions were exercised in the care and the clean- 
ing of glassware. A detailed description of such operations may 
be found in the writer’s earlier paper (Webb, 719). 


EXPERIMENTAL DATA 


Cultures were examined at different intervals, depending on 
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Fig. 2. Botrytis cinerea in M/5 mannite solution. 





the length of time required for the spores of the particular fungus 
to germinate, as determined from preliminary experiments. 
Spore counts were made from 5 different fields of the hanging 
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drop, involving usually from 50 to 100 spores, and the average 
percentage of germination recorded. Readings were made with 
each set of cultures at two different incubation periods, and a 
third one would have been made had not luxuriant mycelial 





x00 





8 








oS Germination 
iy 


3 








Pareentoge 
































U 
‘ 
J 


2 + + & 





2 


Fig. 3. Botrytis cinerea in 2 per cent bacto-peptone solution. 


growth in the nutrient solutions prevented. Values obtained 
from the second reading are considered as reliable as those that 
might have been obtained from a third reading; in fact, data 
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Fig. 4. Botrytis cinerea in Czapek’s full nutrient solution. 


which were accumulated in the preliminary study with incubation 
periods as denoted by second and third readings showed close 
agreement, indicating, therefore, that germination was sufficiently 
and satisfactorily completed at this period. As might be ex- 
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pected, fluctuations sometimes apparently erratic and seemingly 
unexplainable occurred occasionally. In such cases, the experi- 
ments were always duplicated and frequently triplicated. 

The curves are developed from the percentage averages, as 
indicated, each curve representing the final reading of the ger- 
mination quantities of a particular organism at a definite 
temperature in a certain medium. The percentages of spore 
germination are plotted as ordinates and the hydrogen-ion 
concentration of the solutions as abscissae. Curves are shown 
giving germination percentages at each temperature and with 
each medium. In addition an assembled graph is presented, 
this being made by averaging the germination percentages of 
the three temperatures with each of the media. 


Fig. 5. Botrytis cinerea in sugar beet decoction. 


In examining the experimental results, it must be borne in 
mind that perfect germination is not to be expected with these 
fungi in water or in solutions containing mannite and the acid 
or the alkali as the only nutrients. Dextrose, in fact, would 
have yielded higher germination percentages than did mannite, 
but it is not certain that it would remain stable with the treat- 
ment given. 

Of the various liquid media employed in this study, the sugar 
beet decoction has undoubtedly furnished the most interesting 
data. Germination obtained with the acid cultures has not 
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been unusual, but that obtained with the alkaline cultures has 
been most striking. 

The spores of B. cinerea germinate in the mannite medium 
within the range Py 1.6-6.9 with best germination afforded at 
P; 3.0 and similar data are obtained in Czapek’s full nutrient 
solution. The relations in the peptone solution are similar, 
except that there is a slight shift of the germination-acidity 
curve towards alkalinity. Decidedly different data are furnished 
with the sugar beet decoction, maximum germination extending 
in a zone between Py 3.0 and Py 6.5 and ranging on the alkaline 
side beyond Py 9.6. Germination in ‘‘water HCl or KOH” 
agrees with that in the sugar beet decoction (though not stimu- 
lated to such a great extent) in that germination freely occurs 
under conditions of active alkalinity. This is in direct contrast 
with the other media employed where no or relatively feeble 
germination is obtained under such conditions. The relations 
in “water H,PO, and NaOH” are very similar to those in the 
mannite solution, but the composition of the two media, it must 


be remembered, is the same except for the presence and absence 
of mannite. 
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Fig. 6. Botrytis cinerea in “water HCl or KOH.” 


Aspergillus niger furnishes germination curves which are very 
consistent in solutions of mannite, Czapek’s solution, and peptone. 
These relations are similar to those of Botrytis and clearly de- 
monstrate the importance of active acidity for germination in 
these solutions. 
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The spores of Lenzites saepiaria germinate freely in acid media, 
and this is the only case where the sugar beet decoction fails to 
stimulate germination in the alkaline cultures. 


yf 2 3 + s 6 7 é 9 /o 
Fig. 7. Botrytis cinerea in (1) a medium composed of _M/5 mannite so- 
lution and sugar beet decoction and (2) “water H;PO, and NaOH” (25°C.). 


Penicillium cyclopium does not appear to be as dependent 
upon the stimulating effects of hydrogen ions as Aspergillus 


and Boirytis, and the same to a greater degree may be said of 


Fig. 8. Aspergillus niger in M/5 mannite solution. 


Fusarium sp. The 2 organisms referred to, Penicillium and 
Fusarium, are conspicuous for their double maxima; one on the 
acid side, and the other near neutrality. 
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Relatively high active acidity in the synthetic culture media 
favors spore germination of Penicillium italicum, but slightly 
alkaline conditions in the sugar beet decoction are equally as 
favorable, if not more so, than acid conditions in the same 
medium. 

In general, a slightly acid or neutral reaction affords most 
perfect germination of the uredospores of Puccinia graminis. 

Germination of the spores of Colletotrichum Gossypii is very 
variable and no definite curve is produced, but an alkaline 
reaction of the medium is most favorable. 

The effects of hydrogen-ion concentration upon the germination 
of these fungous spores in the different culture media are shown 
in tables 1-1x, and such relations are graphically presented in 
figs. 2-39. Tables 1 to 1x follow. 


TABLE I 


BOTRYTIS CINEREA. AVERAGE PERCENTAGES OF SPORE GERMINATION IN 
CERTAIN LIQUID CULTURE MEDIA AT DIFFERENT TEMPERATURES 
AND AT VARIOUS HYDROGEN-ION CONCENTRATIONS 
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TABLE II 


ASPERGILLUS NIGER. AVERAGE PERCENTAGES OF SPORE GERMINATION 
IN CERTAIN LIQUID CULTURE MEDIA AT DIFFERENT TEMPERATURES 
AND AT VARIOUS HYDROGEN-ION CONCENTRATIONS. 








Hydrogen-ion concentration, Ps 
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TABLE III 


LENZITES SAEPIARIA. AVERAGE PERCENTAGES OF SPORE GERMI- 
NATION IN CERTAIN LIQUID CULTURE MEDIA AT DIFFER- 
ENT TEMPERATURES AND AT VARIOUS HYDROGEN-ION 
CONCENTRATIONS 








| Hydrogen-ion concentration, Ps 
a 1.6) 2.0) 2.5] 3.0| 3.6| 5.0! 6.2| 6.9] 7.7] § 
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TABLE IV 


PENICILLIUM CYCLOPIUM. AVERAGE PERCENTAGES OF SPORE GERMINATION IN 
CERTAIN LIQUID CULTURE MEDIA AT DIFFERENT TEMPERATURES AND AT 
VARIOUS HYDROGEN-ION CONCENTRATIONS 








Hydrogen-ion concentration, Px Media 
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0} 0.0) 0.0) 41.9) 43.0) 53.5) 38. : .0| 0.0 
9} 3.0/22.8) 62.6) 45.8) 62.5) 54. ; .0| 0.0 


0. 
4. 








Mannite 


0} 0.0) 58.3) 37.1) 62.4 
2 


0. 
66.2/48.0 .2| 43.8) 62.4 








0.0) 0.0) 5.5) 8.0) 35.1 
2.0/23.6} 25.5) 21.1) 48.1 


2.1 2.6| 3.1) 3.7| 5.0 















































0.0148.0 85.0| 85.5| 93.0 
0.0/68.6)100.0| 97.2 
3.5)23.5 77.0 

146.9167 .0]100.0 














0.0! 0.0| 22.0 
0.0132.9| 66.8 


2.5| 3.0) 4.0 



































45.3 
74.1 





68.4 
85.0 





17.9 
56.1 


4.1 
























































60.0 .7| 52.5) 42.8 


1.0 : ° 
92.0)100.0} 98.0) 99.5/100.0) 98.0 











2.0) 50.6) 81.9] 89.1) 46.7] 23.9) 27.0 
79. 2|100. 0|100. 0/100. 0/100. 0/100. 0/100.0 























Beet decoction 











5| 55.2| 73.5) 48.4) 70.6) 38.9) 49.0 
0} 86.3)100.0|100. 0/100. 0}100.0)100.0 


3 
\55. 























ANNALS OF THE MISSOURI BOTANICAL GARDEN 


TABLE V 


PENICILLIUM ITALICUM. AVERAGE PERCENTAGES OF SPORE GERMINA. 
TION IN CERTAIN LIQUID CULTURE MEDIA AT DIFFERENT TEMP- 
ERATURES AND AT VARIOUS HYDROGEN-ION CONCENTRATIONS 








Hydrogen-ion concentration, Px Media 
3.0} 3. .0} 6.2) 6.9] 7.7| 8.8 


Temp. 








.0 0.0 
4 0.0 





Mannite 


2 
7 














°° 
oo 
dad 
oo 





| 
| 








oo 
an 
& Or 


x) 
iJ 














elioo 
a\lloo 





o 
So 











23° C. .0)22. , 6/9 





: . -4|55.2 
15° C. ; , -6|90.9 











0.0/15.0 95-058 .688..7 
27° C.| 20 .7| 3.8)/79.4|85.5|/82.9!58.6'46.1 


; | 1.8] 2.4] 2.7] 8.1) 8.6 4.2) 5.0 
20 | 0.0| 0.0} 0.0} 0.0} 0.0) 0.0) 0.0 
1 


15° C.| 35 0.0/47.5 














20 | 0.0113.5 
20° C.| 35 0.0)51.3 


| 0.9 5.6 
25° C.| 35 | 0.0149.6 











Beet decoction 












































WEBB—GERMINATION OF SPORES OF CERTAIN FUNGI 307 


TABLE VI 


PUCCINIA GRAMINIS. AVERAGE PERCENTAGES OF SPORE GERMINA- 
TION IN CERTAIN LIQUID CULTURE MEDIA AT DIFFERENT TEMP- 
ERATURES AND AT VARIOUS HYDROGEN-ION CONCENTRATIONS 
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TABLE VII 


FUSARIUM SP. AVERAGE PERCENTAGES OF SPORE GERMINATION IN CERTAIN 
LIQUID CULTURE MEDIA AT DIFFERENT TEMPERATURES AND AT VARIOUS 
HYDROGEN-ION CONCENTRATIONS 








Hydrogen-ion concentration, Pz Media 
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TABLE VII (cont.) 
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TABLE VIII 


COLLETOTRICHUM GOSSYPII. AVERAGE PERCENTAGES OF SPORE 
GERMINATION IN CERTAIN LIQUID CULTURE MEDIA AT DIFFER- 
ENT TEMPERATURES AND AT VARIOUS HYDROGEN-ION CON- 
CENTRATIONS 








Hydrogen-ion concentration, Px Media 
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The relatively high percentages and the extended range of 
germination as related to hydrogen-ion concentration in a beet 
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Fig. 9. Aspergillus niger in 2 per cent bacto-peptone solution. 


decoction medium are very striking, and the extended range 
of germination in ‘‘water HCl or KOH” is equally striking. 
It would seem, therefore, that either the beet decoction might 
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Fig. 10. Aspergillus niger in Czapek’s full nutrient solution. 


some stimulating substance, which is absent in the 


synthetic culture media, or else it might undergo changes in 
reaction during the process of spore germination. Germination 
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percentages are relatively low in “water HC] or KOH”, but 
the expansion in range beyond that offered by the other culture 
solutions—with the exception, of course, of beet decoction— 
would also tend to indicate a change in reaction during germina- 
tion. In view of these facts, it seemed advisable to conduct a 
few simple experiments which might throw light on this problem. 

Inasmuch as A. niger and B. cinerea furnished such widely 
different results in solutions of mannite and beet decoction, these 
two organisms were selected for a study of the first aspect men- 
tioned, and the extremely stimulating effect of beet decoction 
upon germination of these spores is shown by the data accu- 
mulated from experiments involving mixtures of the mannite 
and beet decoction solutions in various proportions, as presented 
in the tables for the respective organisms. ; 

The same organisms, together with Fusarium sp., were em- 
ployed in studying the second possibility, that is, changes in 
the reaction of the medium during germination. These data 
appear in tables x, x1, and xm, and will be considered subse- 
quently in the discussion. 


TABLE X 


BOTRYTIS CINEREA. INITIAL AND FINAL HYDROGEN-ION CON- 
CENTRATIONS DURING GERMINATION FOR 20 HOURS AT 24° C. 






































Hydrogen-ion concentration, Ps Media 
Initial | 1.6] 2.0| 2.5] 3.0|4.0| 5.3 | 6.2|7.0|7.5|8.1/8.6| 9.6 3 
Final | 1.6] 2.0| 2.5] 3.0/4.0| 5.3/6.2] 7.0/7.5/8.0/8.219.1 . 
Control | 1.6] 2.0| 2.5| 3.0/4.0) 5.3 | 6.2/7.0] 7.5/8.118.2| 9.0 s 
Initial | 1.2] 1.8] 2.1] 2.8/3.4] 3.6 | 5.0/6.1] 6.7|7.2/}8.0|8.9/9.6| x 
Final 1.2] 1.8] 2.1] 2.8/3.4) 3.6 | 5.0/6.1] 6.7|7.2/7.8/8.2/9.1] ¢ 
Control | 1.2] 1.8] 2.1| 2.8/3.4] 3.6 | 5.0|6.1|6.7|7.2]7.8|8.2/9.0| © 
Initial | 1.8| 2.4] 2.7| 3.1/3.6] 4.2|5.0|5.8|6.5|6.8/8.0|8.6|8.9 $38 
Final 1.8| 2.3; 3.6| 3.8/3.8) 4.7] 4.815.5|5.7|6.4|6.7| 7.9/8.6 $38 
Control | 1.8| 2.4| 2.7| 3.2/3.8] 4.4| 5.0/5.8/6.6|7.0/8.1/8.3/8.8| > 
Initial | 1.6] 2.0| 2.4] 3.0/4.0) 5.5 | 6.2/7.0] 7.7/8.118.2|8.6 soe 
Final 1.6| 2.0] 2.4| 3.0/4.11 5.5 |6.2| 7.0/7.6) 8.1| 8.2/8.6 Net 
Control | 1.6] 2.0/ 2.4] 3.0/4.1] 5.5 | 6.2/7.0] 7.7|8.1/8.2/8.6 B 
Initial | 1.4] 2.0| 2.4] 2.9/4.0) 5.1|5.5/6.3/6.6|6.9|6.917.1/8.6]. 9 
Final | 1.4] 2.0| 2.4| 3.2|6.0| 6.7 | 6.8 | 6.7 | 6.9 | 7.1| 7.1| 7.1| 7.6 [Seq 
Control | 1.4] 2.0| 2.4] 2.9/4.6] 6.2 | 6.6 | 6.7| 6.9 | 7.1| 7.2] 7.3|7.7 Bus 
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TABLE XII 
1.4)2.1|2.5/5.5| 6.7 | 6.9 


INITIAL AND FINAL HYDROGEN-ION CONCENTRA- 


TABLE XI 
ASPERGILLUS NIGER. INITIAL AND FINAL HYDROGEN-ION CON- 




















Hydrogen-ion concentration, Pa 
Hydrogen-ion concentration, Pz 
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1.8|2.4|2.7|3.2|3.8|4.4|5.0|5.8 |6.6|7.0|8.1|8.3 
TIONS DURING GERMINATION FOR 20 HOURS AT 27° C. 


1.8)2.4|2.7|3.1/3.6|4.2/5.0/5.8 
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1.2/1.8)2.1|2.8| 3.4] 3.6 | 5.0/6.1 
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1.2/1.8 )|2.1 [2.8] 3.4 | 3.6 | 5.0 |6.1 
1.4|2.0|2.4|2.9| 4.6| 6.2 | 6.6 


1.5|2.0| 2.4 |2.9| 4.0 


1.6 |2.0|2.5|3.0 
1.2|1.8|2.1|2.8/3. 
1.2/1.8 /2.1/2.8/3. 
1.2}1.8|2.1|2.8 
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DIscussion 


Germination of fungous spores is a subject that has engaged 
the attention of botanists—physiologists and pathologists—for 
many years. Various aspects of the problem have been ex- 
tensively studied, and certain factors, such as temperature, 
light, moisture, and reaction of the medium have been experi- 
mentally considered. The toxic properties of H and OH ions 
have been treated more or less, but hydrogen-ion concentration 
has so recently become biologically important that the influence 
of this factor in germination was practically new. Having no tech- 
nique they could apply for the direct determination of hydrogen- 
ion concentration, the earlier investigators, like many of the 
later ones, frequently employed conductivity data in making 
their interpretations. This method is, however, inapplicable 
when other solutes are introduced, and the presence of strong 
buffers, whether inorganic or organic, would render most difficult 
any computation of active acidity or alkalinity. 

It is believed that the results here presented are sufficient 


















































40) 4 —? y 

ow” » \\ 

aA Yi 

Ae \\ 
Y 23% 4 

" f tts \\ 

i , 
i 

ge 

a / 2 3 ca Py é 7 a I ,) 





Fig. 11. Aspergillus niger in sugar beet decoction. 


to change materially the prevailing view as to the relation of 
spore germination to acid and alkaline media. Although ger- 
mination, as related to active acidity and alkalinity, varies with 
the organism and with the liquid culture medium, it is a process 
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which is strikingly supported by a relatively high H-ion con- 
centration. In various forms, notably in Penicillium and Fusar- 
ium, and under certain conditions, secondary maxima at or near 
the neutral point occur, and these often approach in magnitude 
the primary maxima on the acid side. It is not necessary, of 
course, to assume that the H-ion concentration most favorable 
for germination will also prove most favorable for the continued 
growth and development of the organism. In this work, it was 
found that germinating spores of P. graminis conspicuously 
exhibit only rudimentary germ tubes or knob-like projections 
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Fig. 12. Aspergillus niger in a medium composed of M/5 mannite and sugar 
beet decoction (25°C.). 


——————_——66 4 per cent mannite + 3314 per cent sugar beet decoction. 
3314 per cent mannite + 6624 per cent sugar beet decoction. 


in the most alkaline nutrient cultures included within the favor- 
able range and that all of the fungi show abnormal and irregularly- 
shaped germ tubes in the most acid cultures allowing germination, 
indicating, therefore, that such reactions while favorable for 
germination are unfavorable for growth. The germ tubes of 
B. cinerea disintegrate at Py 2.1. 

Nutrient media for pathological and bacteriological work are 
usually neutral or slightly acid, while my data show that increas- 
ing concentrations of hydrogen ions from neutrality to approxi- 
mately Px 3.0—4.0, in the various culture media, favorably influence 
the germination of the spores of B. cinerea, A. niger, P. cyclopium, 
P. italicum, P. graminis, L. saepiaria, and Fusarium sp. How- 
ever, with increase of hydrogen-ion concentration above this 
zone, the germination quantities abruptly diminish and soon 
reach a zero value. Under conditions of moderate active 
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alkalinity, on the other hand, relatively low percentages of 
germination are obtained in most cases. Some detailed dis- 


cussion is needed in order to compare adequately these results 
and at the same time to consider the work of others. 
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Fig. 13. Penicillium cyclopium in M/5 mannite solution. 


From my results, B. cinerea may be regarded either as extremely 
sensitive to active alkalinity in solutions of mannite, Czapek, 
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Fig. 14. Penicillium cyclopium in 2 per cent bacto-peptone solution. 


peptone, and “water H,PO, and NaOH” and to a less degree 
in beet decoction and ‘‘ water HCl or KOH,” or else as manifest- 
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ingacertain dependence upon the stimulating effects of hydrogen- 
ion concentration in such media. Maximum germination 
generally occurs between Py 2.5 and 4.0, but in the case of beet 
decoction the optimum zone extends from Py 3.0 to 6.5. A 
secondary maximum near neutral is shown only in the case of 
“water HCl or KOH.” The favorable range on the acid side 
extends more or less uniformly to Px 2.0 in the solutions, but 
varies considerably in the alkaline solutions. The narrowest 
range of germination is exhibited in ‘‘water HCl or KOH,” 
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Fig. 15. Penicillium cyclopium in Czapek’s full nutrient solution. 


extending to Px 5.5, and followed in order by solutions of mannite, 
Px 6.9, Czapek, Pu 7.9, peptone, Pu 8.7, beet decoction, Px 9.8, 
and ‘‘water HCl or KOH,” Ps 10.0+. The results obtained 
with these spores in solutions of mannite are very similar to 
those previously presented by the writer. It may be well to 
cite the concentrations of certain acids and alkalis allowing 
normal or almost normal development of the spores of Botrytis 
vulgaris in beet decoction, as determined by Clark (’99): HCl, 
N/128; HNO,, N/256; H,SO,, N/64; acetic acid, N/256; mono- 
chloracetic acid, N/512; dichloracetic acid, N/256; trichloracetic 
acid, N/128; HCN, N/8192; KOH, N/64; and NH,OH, N/256. 
He concludes that the hydroxyl group, OH, is rather more 
toxic to the moulds studied than ionic H. 
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A. niger exhibits a relation to hydrogen-ion concentration 
similar to that of B. cinerea. Maximum germination is furnished 
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Fig. 16. Penicillium cyclopium in’ sugar beet decoction. 


between Py 3.0 and 4.0 in all media except beet decoction. 
Here the range extends from the mentioned concentration to 
P, 7.5. Low percentages of germination, except in beet decoc- 


tion, occur under conditions of active alkalinity. Clark found 
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Fig. 17. Penicillium italicum in M/5 mannite solution. 


that the spores of Aspergillus flavus were somewhat more re- 
sistant to the various acids and alkalis in beet decoction than 
were those of ‘‘ Botrytis vulgaris.” The results presented in 
this paper for A. niger and B. cinerea further substantiate this 
relation, and the data obtained for the former in solutions of 
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mannite are consistent with those previously published by the 
writer. 
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Fig. 18. Penicillium italicum in 2 per cent bacto-peptone solution. 


The spores of P. cyclopium germinated under conditions very 
similar to those described for B. cinerea and A. niger, but a 
tendency is manifested by these spores to germinate more freely 


6 7 é 9 
Fig. 19. Penicillium italicum in Czapek’s full nutrient solution. 


under neutral and slightly alkaline conditions. Two maxima, 
one from Px 3.0 to 4.0 and the other about Px 7.0, frequently 
appear. Of all the forms which he studied, Clark found Peni- 
cillium glaucum the most resistant to acids and alkalis, as well 
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as to other poisons, the inhibiting concentrations on the whole 
being greater than those submitted for B. vulgaris. Stevens’ re- 
sults indicated that Penicillium crustaceum is more resistant 
to poisons in aqueous solutions than any of the other fungi 
studied by him. Growth occurred in N/50 HCl and H,SO,, 
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Fig. 20. Penicillium italicum in sugar beet decoction. 
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while N/40 KOH and NaOH caused death. While the ger- 
mination curves for P. cyclopium previously obtained in solutions 
of mannite do not agree in every detail with the curves reported 
in this paper for the same medium, certain features are similar. 

An acid reaction decidedly favors the growth of Penicillium 
italicum and under certain conditions germination is here shown 
to be influenced by similar conditions. The highest germination 
in the peptone and in the Czapek’s solutions is between Px 2.0 
and 4.0 and practically no germination occurs beyond the neutral 
point. The data further show that germination takes place 
more quickly in the peptone medium that in any other, this 
being the only instance in which germination takes place readily 
after an incubation interval of 10 hours. A period of 20 hours 
is required in all other cases. Beet decoction, on the other hand, 
affords best germination in the alkaline solutions, but the differ- 
ence between the highest average on the acid side and that on 
the alkaline side is very slight. The germ tubes in the alkaline 
cultures are short and stubby and give few signs of growth 
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and development. 
tures, however, are decidedly greater. 
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Growth and development in the acid cul- 
This recalls the question 
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Fig. 21. Puccinia graminis in M/5 mannite solution. 


suggested by Duggar (’01), of media stimulating germination 
and not growth, and vice versa. Maximum germination, as 
determined from my experiments, occurs within zones rather 
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Fig. 22. Puccinia graminis in 2 per cent bacto-peptone solution. 


than at definite points. 
L. saepiaria, like certain other species included within the acid 


group, 


proved very sensitive to an alkaline reaction, and while 


the limiting concentration on the acid side is somewhat lower 
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than in the case of other included forms, these fungi are more or 
less similar in behavior. The results obtained in the various 
culture solutions are consistent and comparable. Certain 
stimulating effects, it will be noted, are exhibited by the neutral 
cultures of the beet decoction, but the favorable range in this 
medium does not expand as it does for certain of the other 
fungi. Meacham (718) obtained inhibition of growth of L. 
saepiaria at approximately Py, 1.7 in synthetic media and malt- 
extract, and it is of interest to note that he frequently obtained 
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Fig. 23. Puccinia graminis in Czapek’s full nutrient solution. 


a maximum of growth at about Px 3.0, which approaches very 
closely the hydrogen-ion concentration in the mannite, Czapek, 
peptone, and beet decoction solutions which afford maximum 
germination. 

The uredospores of Puccinia graminis do not germinate, on 
the whole, in solutions with as high hydrogen-ion concentrations 
as some of the other fungi employed, the favorable range ter- 
minating between Py 2.5 and 3.0 as compared with Px 1.5 to 2.0 
in other cases. Relatively low percentages of germination are 
obtained under conditions of active alkalinity, except in the 
case of ‘“‘water HCl or KOH,” and such percentages vary 
materially with the medium. In “water HCl or KOH,” 
germination occurs freely at Py 9.4, a hydrogen-ion concentra- 
tion producing inhibition of germination with the other media. 
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The expansion of favorable range on the alkaline side in water 
is striking and analogous to what resulted with Botrytis. A 
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Fig. 24. Puccinia graminis in sugar beet decoction. 


slightly acid or neutral reaction, on the whole, decidedly stimu- 
lates the germination of these spores. 
Of the forms studied, Fusarium sp. is the only one that de- 
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Fig. 25. Puccinia graminis in “water HCl or KOH.” 


cidedly responds to an alkaline medium. This form, moreover, 
exhibits the widest range of germination with respect to the 
reaction of the medium, extending from Py 2.0to Py 10.0 +, the 
most alkaline culture. Maxima generally appear about Px 3.0- 
4.0 and near Py 7.0. 








WEBB—GERMINATION OF SPORES OF CERTAIN FUNGI 325 


The spores of C. Gossypii are very variable in germination 
and give no definite and characteristic curve of germination. 
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Fig. 26. Lenzites saepiaria in M/5 mannite solution. 
Beyond emphasizing the favorable effects of an alkaline or 


slightly acid medium, nothing can be said. In the case of the 
peptone solutions, the usual type of germination did not occur; 
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Fig. 27. Lenzites saepiaria in 2 per cent bacto-peptone solution. 


that is, not with the production of germ tubes. On the contrary, 
secondary spores were formed at the ends of the mature spores, 
and the data in peptone solution for this organism represent 
percentage quantities of this phenomenon. The remaining 
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culture solutions, on the other hand, gave normal germination. 
For 10 hours at 23° and 27° C., the secondary spores were still at- 
tached; at 31° C., however, they were detached. When incu- 
bated for 20 hours at each of the temperatures, the spores were 
detached and numerous. According to Stoneman (’98), “‘the 
formation of the so-called secondary spores or buds which are 
common to Gloeosporium, Colletotrichum, Volutella, and Vermic- 
ularia is not a constant character, but may be absent throughout 
the entire cycle of development of a species, or may be forced in 
the same species by a lack of nourishment.” 

The spores of Ustilago Avenae from the material available 
gave such relatively low percentages of germination with the 
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Fig. 28. Lenzites saepiaria in Czapek’s full nutrient solution. 


described method of technique that this organism was discarded. 
However, series were conducted in mannite solutions at 15°, 19°, 
and 25° C. In general, germination ranges from Px 2.4 to 8.2, 
with a maximum at Px 6.2. Sporidia occur most abundantly 
from Py 5.4 to 7.0 and decrease in number with increase in 
departure from either side of this zone. 

Repeated endeavors have also been made to study conidial 
germination with certain of the powdery mildews, but all attempts 
have been without avail. No germination whatever has thus 
far been obtained with Sphaerotheca pannosa at different tem- 
peratures when the conidia were placed either in the hanging 
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drop or in film cultures of solutions of mannite, sucrose, beet 
decoction, tap water, and distilled water. Previous subjection 
of the spores for various time intervals to low or freezing tempera- 
tures also failed to stimulate germination. 

Marked differences in requirements for germination are shown 
by the spores of fungi. Some are capable of germinating in 
moist air or in water, while others are capable of germinating 
only in the presence of a nutrient solution or special stimulus. 
The percentages of germination, in many cases, depend largely 
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Fig. 29. Lenzites saepiaria in sugar beet decoction. 


upon the direct food value of the medium; that is, the most 
perfect food affords the best germination. Certain of the fungi, 
however, germinate well in sugar solutions and best in plant 
infusions or decoctions. Such cases, then, may be classed as 
food stimuli. Organic acids are generally regarded as feeble 
stimuli for the germination and growth of fungi, but here again 
the matter is vitally associated with the question of toxicity. 
Taylor (’17) determined the concentrations of a few organic 
and inorganic acids necessary to check the growth of various 
organisms. His data led him to conclude that there is a great 
variation in specificity in the relation of such acids to different 
organisms. 
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Brooks (’06) found that the deleterious action of CuSO,, 
HNO,, and H,SO, in beet decoction medium upon the germina- 
tion and development of certain fungous spores was least at a 
provisional optimum temperature and that it increased very 
rapidly with rise in temperature above such an optimum. The 
effects of the three chemicals, however, were very different, and 
spores inhibited by cold were not greatly injured when exposed 
to harmful agents. 

Temperature variations such as were employed in the experi- 
ments here reported exert little or no influence upon the curves 
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Fig. 30. Fusarium sp. in M/5 mannite solution 


of germination, but it must be remembered that the temperature 
range was relatively narrow. This aspect of the problem will 
be considered later. 

The effect of the hydrogen-ion concentration of the medium 
as influenced by certain types of nutrition, or the chemical 
composition of the nutrient medium, is shown by the results 
presented in this paper to be of extreme importance. Inasmuch 
as a detailed consideration has been devoted to these points for 
the individual fungi, it is necessary to mention only a few of the 
striking features. The results with the various media are 
comparable, yet it is difficult to make general statements that 
would be applicable in all cases. 
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“Water H,PO, and NaOH” followed by solutions of mannite, 
undoubtedly gives the lowest percentages and the smallest range 
of germination. The conditions in the two solutions are very 
comparable; that is, the individual cultures contain equal 
quantities of H,PO, and increasing quantities of NaOH, result- 
ing therefore in the formation of NaH,PO, and Na,HPO, at 
P, 4.5 and Py 9.2 respectively. No Na ions are contained in 
the most acid culture and these ions increase in number with 
decrease in H-ion concentration. It is impossible, however, to 
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Fig. 31. Fusarium sp. in 2 per cent bacto-peptone solution. 


vary the H-ion concentration without varying the concentration 
of some other ion or ions at the same time, even though such 
variations may be insignificant. 

Solutions of bacto-peptone give very similar results to solutions 
of mannite, except that germination is better, that the range is 
slightly more extended on the alkaline side, and that maximum 
germination frequently occurs in zones rather than at definite 
points. The reaction of the peptone solutions, as well as Czapek’s, 
beet decoction, and ‘“‘water HCl or KOH,”’ is varied on the acid 
side by additions of HCl and on the alkaline side by additions 
of KOH. Disregarding the variation in H-ion concentration, 
the acid cultures thus contain increasing amounts of Cl ions 
and the alkaline cultures increasing amounts of K ions. 
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Czapek’s full nutrient solution generally exhibits germination 
ranges similar to those afforded by the peptone solutions, but 
the curves of germination in the Czapek differ decidedly from 
those developed in the peptone. Invariably two maxima occur: 
one between Px 3.0 and 4.0 and the other between Px 6.0 and 
7.0, and these maxima present more or less definite peaks in the 
curve. It is interesting to note that there is frequently a decided 
decrease of germination quantities at or near Px 5.0. This 
minimum within the favorable range occurs in the culture con- 


taining the normal Czapek full nutrient solution without additions 
of either acid or alkali. 
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Fig. 32. Fusarium sp. in Czapek’s full nutrient solution. 


‘‘Water HCl or KOH” allows very wide ranges in germination 
as well as maxima on the acid and alkaline sides of neutrality. 
The spores of Botrytis cinerea and Puccinia graminis germinate 
freely in aqueous solutions with hydrogen-ion concentrations 
which in most of the other culture solutions would have caused 
inhibition of germination. 

Beet decoction, it has been shown, furnishes highest percent- 
ages and the widest range of germination as related to hydrogen- 
ion concentration for all of the spores employed in this investiga- 
tion. Germination occurs freely under conditions of active 
alkalinity in this medium, and hydrogen-ion concentrations 
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producing inhibition of germination in the other media allow 
good germination in this medium. The maxima generally 
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Fig. 33. Fusarium sp. in sugar beet decoction. 


manifest themselves within relatively wide zones, and perfect 
or almost perfect germination frequently continues from extreme 
acidity to extreme alkalinity, that is, within the limits of the 
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Fig. 34. Fusarium sp. in “water HCl or KOH.” 


experiments. From these facts, it would seem that the beet 
decoction possesses some stimulating substance or complex set 
of conditions, either or both of which are absent in the synthetic 
culture media, and the belief is further confirmed by several 
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experiments reported in this paper. Various additions of beet 
decoction to solutions of mannite invariably allow stimulation 
of germination with A. niger and B. cinerea. In both cases the 
germination quantities and the range of favorable germination 
approach those offered by the beet decoction alone and practi- 
cally no resemblance to those furnished by the mannite solutions 
is recognizable. In the case of B. cinerea, the degree of stimu- 
lation near the alkaline extreme varies directly with the quantity 
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Fig. 35. Fusarium sp. in “water H;PO, and NaOH” (25°C.). 


of added beet decoction, but no such relation seems to exist in 
the case of A. niger. Duggar (’01) reports a similar stimulation 
of certain fungous spores in plant decoctions or infusions. He 
obtained various small percentages of germination of Coprinus 
jimetarius in different vegetable decoctions, but otherwise no 
germination. Coprinus micaceus gave little or no germination 
in all solutions containing no plant decoction, but furnished 
perfect germination in bean and dung decoctions. Since plant 
decoctions are such excellent growth media, it would seem that 
the stimulus to germination would be a food stimulus. Duggar 
designed and conducted experiments to determine the stimulus 
in such cases, and, while this most complicated matter is still 
unsolved, his statement is as applicable to-day as it was originally, 
namely: ‘‘If the stimulus is that of food, it must be considered 
in the class of peculiar foods.” 
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The titration curves of the liquid culture media, fig. 1, show 
that ‘‘water HCl or KOH” has the least buffer action and that 
beet decoction has very little more. These facts, then, would 
seem to offer an explanation of the expanded favorable range 
under conditions of active alkalinity, with such solutions on 
the basis of buffer effect or change in reaction of the medium 
during germination. In this connection, Itano and Neil (’19) 
have recently shown that the spores of Bacillus subtilis germinate 
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Fig. 36. Colletotrichum Gossypii in 2 per cent bacto-peptone solution. 


in a broth medium between Px 5.0 and 10.0, and that few spores 
ordinarily germinate at the H-ion concentrations closely ap- 
proaching those of inhibition. Ina few days, however, the spores 
germinate and exhibit all characteristic phenomena, thus indicat- 
ing that by the life processes of the organism the reaction of the 
medium approaches that of the optimum. The final hydrogen- 
ion concentration of the medium, as determined from numerous 
other contributions for the bacteria, depend upon (1) the organism, 
(2) the composition of the medium, (3) the initial reaction, (4) 
the buffer effect, (5) the nature of the acid, (6) the period of 
incubation, and (7) other conditions favoring or hindering 
growth. It must be emphasized here that the Pg values which 
appear in this paper always represent, unless otherwise specified, 
the initial reaction or hydrogen-ion concentration of the medium. 

The results of my experiments dealing with this phase of the 
problem do not seem to warrant an explanation entirely on the 
basis of change reaction of the medium during germination. 
The matter appears to be further complicated and obscured by 
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other factors. A. niger produces no changes in solutions of 
mannite or in Czapek’s solution, but does cause certain shifts 
towards neutrality in the alkaline cultures of the beet decoction. 
This organism produces in the presence of sugar an extremely 
large quantity of acid during growth, and it is not surprising 
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Fig. 37. Colletotrichum Gossypii in Czapek’s full nutrient solution. 


that such reversions do occur in beet decoction, a solution poorly 
buffered and containing a high percentage of sugar. B. cinerea 
produces no changes in reaction while germinating in solutions 
of mannite, Czapek’s solution, “‘water H,PO, or NaOH” and 
‘‘water HCl or KOH.” However, it does produce changes in 
the beet decoction solutions similar to, but in less degree than 
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Fig. 38. Colletotrichum Gossypii in sugar beet decoction. 


A. niger. The fact that no change whatsoever in reaction occurs 
with water lacking buffer effect and that relatively slight changes 
occur in beet decoction, a medium also poorly buffered, would 
seem to eliminate the possibility of explaining germination under 
conditions of active alkalinity entirely on the basis of change in 
reaction during this process. Fusarium sp. causes no changes 
in reaction of mannite and ‘“‘waier H,PO, or NaOH” during 
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germination. Slight changes are evidenced in the Czapek 
solutions, the more acid cultures shifting slightly towards neutral- 
ity. In “water HCl or KOH” all of the cultures possessing a 
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Fig. 39. Assembled data representing the averages ob- 
tained with the various temperatures employed and showing 
limits of germination (black), primary maximum (white), 
and secondary maximum (banded). 


reaction favorable for germination exhibit some shift towards 
neutrality or towards slight alkalinity. 

A temperature range of 4-5° C. on either side of a provisional 
optimum does not materially influence the germination of 
fungous spores as related to H-ion concentration. Of course, 
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certain minor differences exist, but considering the great vari- 
ability of spores, varying percentages of perfect germination, 
regardless of all precautions observed, will undoubtedly occur 
in any medium which is not a strong stimulus for germination. 
Germination at H-ion concentrations approaching more or less 
closely those causing inhibition is frequently irregular, and, in 
such cases the range of germination is usually widest at the pro- 
visional optimum. 

The question of hydrogen-ion concentration relations will no 
doubt assist in the explanation of such problems in parasitism 
as host resistance, the establishment of strains of the parasite, 
etc.; and the varied capacity for germination of fungous spores 
may be found in time to be a suitable criterion for the isolation 
of strains. Nevertheless, the facts indicate that it is unwise to 
say that certain species of fungi or certain strains of fungi always 
germinate exclusively within a definite range of hydrogen-ion 
concentration. The limiting hydrogen-ion concentration of a 
fungus, as determined by germination, should be defined in terms 
of composition of the medium, and unless this is done—together 
with a consideration of other related factors—no classification 
of organisms can be made entirely upon any such basis. 


SUMMARY 


Using spores of the eight organisms, Botrytis cinerea, Aspergillus 
niger, Penicillium cyclopium, P. italicum, Lenzites saepiaria, 
Puccinia graminis, Fusarium sp., and Colletotrichum Gossypii, 
a comparative study has been made dealing with the effects of 
the hydrogen and hydroxyl-ion concentration upon germination 
in solutions of mannite, peptone, Czapek’s full nutrient, sugar 
beet decoction, ‘‘water H,PO, and NaOH” and “water HCl or 
KOH.” Under the conditions described and as far as the 
experiments have gone, the following features of particular 
interest may be enumerated: 

(1) Germination is a process which is strikingly supported 
by conditions of active acidity; relatively low percentages of 
germination, in most cases, are obtained under conditions of 
active alkalinity; and nutrition exerts a pronounced influence 


upon the relations of spore germination to the reaction of the 
medium. 
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(2) Successively increasing concentrations of hydrogen ions 
in the various culture solutions, from neutrality to approximately 
Px 3.0 or 4.0, influence favorably the germination of the spores 
of B. cinerea, A. niger, Penicillium cyclopium, P. italicum, Puccinia 
graminis, L. saepiaria, and Fusarium sp. Moreover, Fusarium 
sp. germinates equally as well, if not better, with an alkaline 
reaction, and C. Gossypii is the only species which favorably 
responds only to an alkaline reaction. 

(3) The majority of the fungi employed exhibit a distinct 
maximum of germination between Px 3.0 and 4.0. Certain forms, 
notably Fusarium sp., exhibit secondary maximum at or near 
Py 7.0. 

(4) The range of germination and the magnitude of the 
germination quantities, as influenced by the hydrogen-ion con- 
centration, depend upon both the organism and the medium. 

(5) It is not until a hydrogen-ion concentration of Pg 1.5-2.5 
is reached that inhibition of germination is evidenced. The 
limits on the acid side are comparatively narrow and constant. 
Those on the alkaline side are very diverse, varying with the 
organism and with the medium. 

(6) Nutrition is an extremely important factor in the germina- 
tion of fungous spores. In solutions of mannite, Czapek, and 
peptone, the relations of germination to hydrogen-ion concentra- 
tion are more or less comparable for each particular organism; 
in beet decoction and ‘‘ water HCl or KOH,”’ on the other hand, 
results differing decidedly from those furnished by the previously 
mentioned solutions are obtained. 

(7) Solutions of “‘water H,PO, and NaOH,” followed by 
those of mannite, undoubtedly give the smallest range of germina- 
tion and the lowest percentages of germination. Solutions of 
bacto-peptone give very similar results to those developed in 
solutions of mannite, except that germination is better and is 
extended slightly more to the alkaline side. Czapek’s full 
nutrient solution generally exhibits ranges similar to those 
furnished by the peptone solutions, but the curves of germination 
differ. In the Czapek solution, two maxima usually occur: a 
primary one between Px 3.0 and 4.0 and a secondary one between 
Py 6.0 and 7.0. Of all the media employed, beet decoction 
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gives the best germination and the widest range of germination. 
Germination in this medium, as well as in “water HCl or KOH,” 
occurs freely under conditions of active alkalinity, producing 
inhibition of germination in the other media, and germination 
is stimulated to such an extent that the maxima cover relatively 
wide zones. The same may be said of the peptone medium, 
though the magnitude and the frequency are less. The other 
media, namely, mannite, Czapek’s solution, and water, exhibit 
distinct maxima in the form of sharp peaks. 

(8) Mycelial growth and development in the most acid and 
alkaline cultures permitting germination are relatively more 
feeble and scant, as determined visually, than in cultures possess- 
ing greater departures from the inhibiting concentrations. 
Rudimentary germ tubes or knob-like projections frequently 
occur in the most alkaline cultures, and abnormally and irregularly 
shaped germ tubes generally develop in the most acid cultures. 

(9) Comparing equal concentrations of H and OH ions, the 
OH ions appear to be relatively more toxic to the spores studied 
than H ions. The toxicity of H ions is fairly independent of 
the other conditions studied, while that of the OH ions tends 
to be more or less variable or antagonizable, according to the 
composition of the medium. 

(10) A change in reaction of the medium may or may not 
occur during germination, and, where shifts in the hydrogen-ion 
concentration do occur, the magnitude and nature of these 
depend upon the fungus, the medium, and the initial reaction. 
While growth stages are marked by pronounced changes in 
reaction of the medium, A. niger produces no changes in reaction 
while germinating in the solution of mannite and in Czapek’s 
medium, but does produce certain shifts towards neutrality in 
the alkaline cultures of the beet decoction. B. cinerea induces 
no changes in the reaction of the medium while germinating in 
solutions of mannite, Czapek’s solution, ‘“‘water H,PO, and 
NaOH,” and ‘‘water HCl or KOH” but does produce a change 
in the beet decoction similar to but less than that of A. niger. 
The only conspicuous change brought about by germinating 
spores of Fusarium sp. is in ‘‘water HCl or KOH,” all of the 
cultures giving favorable germination exhibiting a shift in re- 
action towards neutrality or slight alkalinity. 
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(11) The expanded range of germination under conditions 
of active alkalinity in such solutions as beet decoction and 
‘‘water HCl or KOH” might appear on first glance to be corre- 
lated with buffer effects. Buffer action in these solutions is 
feebly present in the beet decoction and totally absent in the 
water. This is, no doubt, an important factor, but the experi- 
mental results here obtained seem hardly to justify an explanation 
entirely on such a basis. The fact that germinating spores of 
B. cinerea produce changes in reaction in the beet decoction 
medium and not in the ‘‘water HCl or KOH” is very striking. 

(12) Various additions of sugar beet decoction to solutions 
of mannite pronouncedly stimulate germination with the two 
organisms under experimentation, namely, A. niger and B. cinerea. 
The percentages and the range of germination approach those 
offered by beet decoction alone, and no manifested resemblance 
to those furnished by the mannite alone is recognizable. 

(13) It would seem, therefore, that germination in the beet 
decoction is stimulated by some special substance or peculiar 
set of conditions, either or both of which are totally or partially 
absent in the synthetic culture media. 

(14) With increase in length of intervals of incubation, the 
relations of germination to hydrogen-ion concentration, other 
than a general increase in magnitude of all germination quantities 
and a frequent expansion of inhibitory limits, remain practically 
the same. 

(15) The curves of germination for any organism are practically 
identical, whether incubated at a temperature representing a 
provisional optimum or at 4-5° C. above or below such an 
optimum. Germination often occurs feebly in cultures possess- 
ing a hydrogen-ion concentration closely approaching that of 
inhibition, and, if differences are manifested in the favorable 
ranges the tendency is for germination to occur over the widest 
range at the optimum temperature. 

(16) The data here developed and presented, it is felt, are 
sufficient to change materially the previously prevailing view 
concerning the relation of germination of fungous spores to acid 
and alkaline media, as well as to be of fundamental importance 
in any future study of fungicides or spray mixtures. 
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